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1ABSTRACT
T h e r m o d y n a m ic  p a r a m e t e r s  o f  t r a n s f e r  o f  s i n g l e - i o n s  f r o m  w a t e r  t o  
n i t r o m e t h a n e  a r e  o b t a i n e d  u s i n g  t h e  P l^ A s P l^ B  c o n v e n t i o n  s u g g e s t e d  b y  
P a r k e r .
E n t h a l p i e s  o f  c o m p l e x i n g  o f  a l k a l i - m e t a l  a n d  s i l v e r  c a t i o n s  w i t h
c r y p t a n d  222 i n  N , N - d i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e
c a r b o n a t e ,  a c e t o n i t r i l e  a n d  n i t r o m e t h a n e  w e r e  d e t e r m i n e d  c a l o r i m e t r i c a l l y .
T h e  s t a b i l i t y  c o n s t a n t s  o f  a l k a l i - m e t a l  a n d  s i l v e r  c r y p t a t e s  i n
n i t r o m e t h a n e  w e r e  d e t e r m i n e d  b y  p o t e n t i o m e t r i c  t i t r a t i o n .  T h i s  i s  t h e
f i r s t  s e t  o f  d a t a  e v e r  r e p o r t e d  f o r  t h e  t h e r m o d y n a m i c  p a r a m e t e r s  o f
c o m p l e x i n g  o f  m e t a l - i o n s  w i t h  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e .  F r e e  e n e r g i e s
a n d  e n t h a l p i e s  a r e  c o m b i n e d  t o  g i v e  e n t r o p i e s  o f  c o m p l e x i n g  o f  m e t a l - i o n
c r y p t a t e s  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s .  S o m e  e n t h a l p y  o f  c o m p l e x i n g
d a t a  i n  m e t h a n o l  a r e  r e v i e w e d .  A c o r r e l a t i o n  i s  f o u n d  b e t w e e n  t h e  e n t h a l p y
o f  t r a n s f e r  o f  a  g i v e n  c a t i o n  a n d  t h e  d i f f e r e n c e  i n  e n t h a l p y  o f  c o m p l e x i n g
o f  m e t a l  c a t i o n  w i t h  c r y p t a n d  2 2 2  a m o n g  t w o  d i p o l a r  a p r o t i c  s o l v e n t s .  T h i s
c o r r e l a t i o n  c o u l d  p r o v i d e  a  m e a n s  o f  e v a l u a t i n g  s i n g l e - i o n  e n t h a l p i e s  o f
t r a n s f e r  a m o n g  d i p o l a r  a p r o t i c  s o l v e n t s  f r o m  e n t h a l p y  o f  c o m p l e x i n g  d a t a .
E n t h a l p i e s  a n d  f r e e  e n e r g i e s  o f  c o m p l e x a t i o n  o f  m e t a l - i o n  c r y p t a t e s  i n
N / N - d i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e  c a r b o n a t e ,
a c e t o n i t r i l e  a n d  n i t r o m e t h a n e  a r e  u s e d  w i t h  r e l e v a n t  d a t a  t o  o b t a i n  t h e
t h e r m o d y n a m i c  p a r a m e t e r s  f o r  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  f r o m  w a t e r  t o
t h e s e  s o l v e n t s , a n d  f r o m  p r o p y l e n e  c a r b o n a t e  t o  t h e  o t h e r  d i p o l a r  a p r o t i c
o  o  o
s o l v e n t s .  T h e  r e s u l t s  o b t a i n e d  s h o w  v a r i a t i o n  i n  AG t , AH _^ a n d  A s t  v a l u e s  
f o r  t h e  m e t a l - i o n  c r y p t a t e s  a r e  p r e d o m i n a n t l y  f o u n d  i n  t r a n s f e r s  f r o m  w a t e r ,  
w i t h  u n a p p r e c i a b l e  v a r i a t i o n s  i n  t h e s e  p a r a m e t e r s  f o r  t r a n s f e r  a m o n g
dipolar aprotic solvents. The latter conclusion is based on a large number 
of experimental calorimetric data and suggests that cryptate conventions 
seem to be valid among dipolar aprotic solvents.
T h e  u s e  o f  c r y p t a n d  2 2 2  f o r  t h e  e x t r a c t i o n  o f  a l k a l i - m e t a l  s a l t s  f r o m  
w a t e r  i n t o  n i t r o m e t h a n e  i s  d i s c u s s e d .  T h e  t h e r m o d y n a m i c  p a r a m e t e r s  f o r  
e x t r a c t i o n  p r o c e s s  i n  w a t e r - p u r e  n i t r o m e t h a n e  s y s t e m  a r e  o b t a i n e d .
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4My w h o l e h e a r t e d  t h a n k s  a n d  g r a t i t u d e  t o  D r .  A . F .  D a n i l  d e  N a m o r  f o r  h e r  
s u p e r v i s i o n ,  d e d i c a t i o n  a n d  p a t i e n c e  d u r i n g  my e n t i r e  p e r i o d  o f  s t u d y .
I  w o u l d  a l s o  l i k e  t o  t h a n k  P r o f e s s o r  J .  A .  E l v i d g e  f o r  p r o v i d i n g  t h e  
f a c i l i t i e s  i n  t h e  D e p a r t m e n t ,  D r .  W. H . L e e  f o r  h i s  h e l p  a n d  a d v i c e  i n  
c o n d u c t i v i t y  s t u d i e s  a n d  D r .  R .  A .  S c h u l z  f o r  m o n i t o r i n g  t h e  c a l o r i m e t e r .  
S p e c i a l  t h a n k s  t o  T o n y  H i l l  f o r  h i s  a s s i s t a n c e  i n  t h e  l a b o r a t o r y  a n d  my 
f e l l o w  s t u d e n t s  e s p e c i a l l y  P a u l  G r e e n w o o d .
F i n a l l y ,  I  w o u l d  l i k e  t o  t h a n k  M r s .  P h i l l i p a  P u r d y  f o r  t y p i n g  t h i s  t h e s i s  
s o  e f f i c i e n t l y  a n d  p r o f e s s i o n a l l y .
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I N T R O D U C T I O N
9R e s e a r c h  i n t o  a l k a l i n e  e a r t h  a n d  a l k a l i - m e t a l  c a t i o n  c o m p l e x e s  o f  
n a t u r a l  a n d  s y n t h e t i c  m a c r o c y c l i c  l i g a n d s  w a s  s t i m u l a t e d  b y  t h e  d i s c o v e r y  
i n  1 9 6 4  o f  M o o r e  a n d  P r e s s m a n 1 , t h a t  t h e  a n t i b i o t i c  v a l i n o m y c i n  i n d u c e d  t h e  
s e l e c t i v e  u p t a k e  o f  p o t a s s i u m  i o n s  a c r o s s  r a t  l i v e r  m i t o c h o n d r i a .  S i n c e  
t h e n  v a r i o u s  o t h e r  a n t i b i o t i c s  a n d  s y n t h e t i c  c o m p o u n d s  w e r e  s t u d i e d ,  a n d  
r e p o r t e d  t o  f a c i l i t a t e  t h e  p a s s a g e  o f  s p e c i f i c  i o n s  a c r o s s  b i o l o g i c a l  
m e m b r a n e s  b y  s e l e c t i v e  c o m p l e x  f o r m a t i o n 2 ' 3 . F i g .  1 . 1  p r e s e n t s  t h e  s t r u c ­
t u r e s  o f  v a l i n o m y c i n  ( n e u t r a l  a n t i b i o t i c )  a n d  m o n e n s i n  ( a c i d i c  a n t i b i o t i c ) , 
b o t h  n a t u r a l l y  o c c u r r i n g  a n t i b i o t i c s .
M e a n w h i l e  i n  1 9 6 7 ,  P e d e r s o n ^  r e p o r t e d  t h e  s y n t h e s i s  o f  a  s e r i e s  o f  
m a c r o c y c l i c  p o l y e t h e r s ;  t h e  " c r o w n  e t h e r s " .  O v e r  5 0  c y c l i c  p o l y e t h e r s  w i t h  
v a r y i n g  s i z e  o f  m a c r o c y c l i c  r i n g ,  n u m b e r  o f  e t h e r  o x y g e n s ,  n u m b e r  a n d  t y p e  
o f  s u b s t i t u e n t  g r o u p s  w e r e  p r o d u c e d .  T h e  s t r u c t u r e s  o f  s o m e  o f  t h e s e  c r o w n  
e t h e r s  i s  g i y e n  i n  f i g .  1 . 2 ,  a n d  a r e  i d e n t i f i e d  b y  t h e  n u m b e r  a n d  k i n d  o f  
s u b s t i t u e n t  g r o u p s ,  t h e  t o t a l  n u m b e r  o f  a t o m s  i n  t h e  r i n g ,  t h e  c l a s s  n a m e  -  
c r o w n s  a n d  t h e  n u m b e r  o f  o x y g e n s  i n  t h e  r i n g .  I n i t i a l  s t u d i e s  s h o w e d  a  
m a r k e d  s e l e c t i v i t y  o f  t h e s e  s y n t h e t i c  m a c r o c y c l i c  c o m p o u n d s  t o w a r d s  a l k a l i  
a n d  a l k a l i  e a r t h  m e t a l  c a t i o n s  a n a l o g o u s  t o  t h e  b e h a v i o u r  o f  c e r t a i n
n a t u r a l  a n t i b i o t i c s 3 ' 8 .
I
P r o m p t e d  b y  t h e  u s e  o f  i o n o p h o r o u s  a n t i b i o t i c s  a s  m o d e l  s y s t e m s  f o r  
t h e  e l u c i d a t i o n  o f  b i o l o g i c a l  t r a n s p o r t  m e c h a n i s m s ,  L e h n ^  a n d  c o w o r k e r s  
s h o r t l y  a f t e r  i n t r o d u c e d  a  c l a s s  o f  p o l y o x a d i a m i n e  m a c r o b i c y c l i c  c o m p o u n d s  
c o n t a i n i n g  t h r e e  p o l y e t h e r  s t r a n d s  j o i n e d  b y  t w o  b r i d g e h e a d  n i t r o g e n s .
T h e s e  t h r e e - d i m e n s i o n a l  s y n t h e t i c  c o m p o u n d s  w e r e  f o u n d  t o  f o r m  v e r y  s t a b l e  
c o m p l e x e s  w i t h  s u i t a b l e  a l k a l i  a n d  a l k a l i  e a r t h  i o n s  i n  w h i c h  t h e  m e t a l  i o n  
i s  c o n t a i n e d  i n  t h e  i n t r a m o l e c u l a r  c a v i t y 8 o r  " c r y p t " .  A s  a  r e s u l t  t h e s e  
l i g a n d s  w e r e  t e r m e d  c r y p t a n d s  b y  L e h n ,  a n d  t h e i r  i n c l u s i o n  c o m p l e x e s ;
1 . 1 GENERAL
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Fig. 1.1 Structures of some naturally occurring antibiotics
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c r y p t a t e s .  M a c r o b i c y c l i c  c o m p o u n d s  i n  w h i c h  a l l  o r  s o m e  o f  t h e  e t h e r  
o x y g e n s  a r e  r e p l a c e d  b y  s u l p h u r  o r  n i t r o g e n 9 , a s  w e l l  a s  m a c r o ­
t r i c y c l i c 1 0 ' 11 a n a  m a c r o t e t r a c y c l i c 12 c r y p t a n d s , h a v e  s i n c e  b e e n  p r e p a r e d  
a n d  r e p o r t e d  b y  L e h n  a n d  c o w o r k e r s .  T h e  s t r u c t u r e s  o f  r e p r e s e n t a t i v e  
m a c r o b i c y c l i c  c r y p t a n d s  a r e  g i v e n  i n  f i g .  1 . 3  a n d  1 . 4  a n d  m a c r o t r i c y c l i c  
c r y p t a n d  i n  f i g .  1 . 5 .
T h e  r o l e  o f  m e t a l  i o n s  s u c h  a s  N a + ,  K+ , C a 2 +  a n d  M g2 +  f o r  t h e  n o r m a l  
f u n c t i o n i n g  o f  s e v e r a l  e n z y m e  s y s t e m s  h a s  l o n g  b e e n  r e a l i s e d  b u t  l i t t l e  i s  
k n o w n  c o n c e r n i n g  t h e  f a c t o r s  t h a t  d e t e r m i n e  t h e  s p e c i f i c i t y  o f  b i o l o g i c a l  
l i g a n d s  f o r  t h e s e  m e t a l  i o n s .  I n  a n  a t t e m p t  t o  l i n k  c h e m i c a l  b e h a v i o u r  
w i t h  b i o l o g i c a l  p h e n o m e n a ,  r e s e a r c h  u s i n g  s y n t h e t i c  m o d e l s  s u c h  a s  
m a c r o c y c l i c  c o m p o u n d s  w h i c h  c o m p l e x  m e t a l  c a t i o n s '  w e r e  u s e d  i n  o r d e r  t o  
o b t a i n  u s e f u l  i n f o r m a t i o n  r e g a r d i n g  s o m e  o f  t h e  p r i n c i p l e s  u n d e r l y i n g  
c a t i o n  s e l e c t i v i t y  i n  b i o l o g i c a l  s y s t e m s .
E x t e n s i v e  r e v i e w s  d e a l i n g  w i t h  v a r i o u s  a s p e c t s  o f  c r o w n  
e t h e r  1 ? ' 18 , 1 9 , 2 1  an< i c r y p t a n d 9 ' 1 ° / 1 ° 5 , 1 0 0  c h e m i s t r y ,  a s  w e l l  a s  a  n u m b e r  
o f  b o o k s  1 3 - 1 6 , 2 0  h a v e  b e e n  p u b l i s h e d .  T h e  w o r k  c o n c e r n i n g  s o m e  m e t a l  
c o m p l e x e s  o f  m a c r o c y c l i c  a n d  m a c r o b i c y c l i c  c o m p o u n d s  h a s  d e m o n s t r a t e d  t h e i r  
a p p l i c a t i o n  i n  v a r i o u s  a r e a s  o f  c h e m i s t r y  s u c h  a s  i n  s o l u b i l i z a t i o n  o f  
a l k a l i  m e t a l s  i n  d i f f e r e n t  s o l v e n t s ,  t h e  d e t e c t i o n  o f  c a t i o n s  i n  s o l u t i o n  
o r  s e p a r a t i o n  o f  c a t i o n s  f r o m  m i x t u r e s ,  i n  o r g a n i c  s y n t h e s i s ,  p h a s e -  
t r a n s f e r  c a t a l y s i s  a n d  a n i o n i c  p o l y m e r i z a t i o n .  O f s p e c i a l  i n t e r e s t  i s  t h e  
p o t e n t i a l  a p p l i c a t i o n  o f  m a c r o b i c y c l i c  l i g a n d s  i n  c r y p t a t o t h e r a p y  a s  w e l l  
a s  i n  c o n t r o l l i n g  i n d u s t r i a l  a n d  e n v i r o n m e n t a l  p o l l u t i o n  p r o b l e m s 1 2 9 .
T h e  a d v a n t a g e  o f  m a c r o b i c y c l i c  l i g a n d s  i s  t h e  l a r g e  n u m b e r  o f  
c o m p o u n d s  r e s u l t i n g  b y  s y s t e m a t i c  v a r i a t i o n  o f  t h e  n a t u r e  a n d  s i z e  o f  t h e  
c a v i t y ,  a s  w e l l  a s  t h e  s t a b i l i t y  o f  t h e i r  m e t a l  c o m p l e x e s ,  t h u s  e n a b l i n g  
t h e i r  i s o l a t i o n  f o r  s t u d y .  T h i s  w o u l d  a l s o  p e r m i t  t h e  i n v e s t i g a t i o n  o f  t h e  
e f f e c t  o f  v a r i o u s  c a t i o n  a n d  l i g a n d  p a r a m e t e r s  o n  c a t i o n  s e l e c t i v i t y  a n d  
s p e c i f i c i t y .  T h e s e  p a r a m e t e r s  i n c l u d e  s i z e ,  t y p e  a n d  c h a r g e  o f  t h e  c a t i o n ,
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m ~ n = o Cryptand 111 [1 1 1 ]
m =  n j n -  1 Cryptand 211 [211]
m r  n } n -  0 Cryptand 221 [2 21]
m =  n — 1 Cryptand 222 [2 2 2 ]
m = n j n — 2 Cryptand 322 [322]
m -  n , n — 1 Cryptand 332 [3 3 2 ]
m = n 2 Cryptand 333 [3 3 3 ]
Fig. 1.3 Structures of some macrobicyclic cryptands
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D i b e n z o  c r y p t a n d  2 2 2  [2 2 23
B B
2 2 C 8
Fig. 1.4 Structures of dibenzo cryptand 222 and cryptand 22C
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F ig .  1 . 5 .  S t r u c t u r e  o f  a m a c r o t r i c y c l i c  cryptand
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l i g a n d  c a v i t y  s i z e ,  d o n o r  a t o m  t y p e  a n d  n u m b e r  o f  t h e  l i g a n d ,  r i n g  n u m b e r ,  
r i n g  s u b s t i t u e n t s ,  a n d  w i l l  b e  d i s c u s s e d  i n  s e c t i o n  1 .8  o n  s t a b i l i t y  a n d  
s e l e c t i v i t y  o f  m e t a l  i o n  c r y p t a t e s .  A s  i n  t h i s  t h e s i s  a l l  e x p e r i m e n t a l  
w o r k  w a s  p e r f o r m e d  u s i n g  c r y p t a n d  222 / t h e  r e p r e s e n t a t i v e  m e m b er  o f  t h e  
m a c r o b i c y c l i c  p o l y e t h e r  d i a m i n e s  a n  a c c o u n t  o f  t h e  s y n t h e s i s ,  p r o p e r t i e s  a s  
i n t e r p r e t e d  f r o m  n u m e r o u s  i n v e s t i g a t i o n s  i n c l u d i n g  c r y s t a l  s t r u c t u r e  
d e t e r m i n a t i o n ,  NMR s t u d i e s  a s  w e l l  a s  t h e r m o d y n a m i c  i n v e s t i g a t i o n s  a n d  
a p p l i c a t i o n s  i s  n o w  g i v e n .
1 . 2  NOMENCLATURE
I n  p r e f e r e n c e  t o  t h e  l e n g t h y  a n d  c o m p l i c a t e d  s y s t e m a t i c  n a m e s  a s s i g n e d  
b y  IU PA C  n o m e n c l a t u r e ,  t r i v i a l  n a m e s  w e r e  d e r i v e d  f o r  c r y p t a n d s ,  b a s e d  o n  
t h e  n u m b e r  o f  c y c l e s ,  n u m b e r  a n d  d i s t r i b u t i o n  o f  h e t e r o a t o m s  o n  e a c h  
h y d r o c a r b o n  s t r a n d .  F o r  e x a m p l e ,  c r y p t a n d  2 2 2  ( f i g *  1 . 3 )  i s  a b b r e v i a t e d  
[ 222 ] a s  t h e r e  a r e  t w o  o x y g e n  a t o m s  o n  e a c h  o f  t h e  t h r e e  h y d r o c a r b o n
c h a i n s .  T h e  IU PA C  n a m e  f o r  t h i s  c o m p o u n d  i s  4 , 7 , 1 3 , 1 6 , 2 1 , 2 4 - H e x a o x a ~ 1 , 1 0
d i a z a b i c y c l i c ( 8 , 8 , 8 ) h e x a c o s a n e .  A l s o  m a c r o b i c y c l i c  c r y p t a n d s  a r e  d e n o t e d  
a s  [ 2 ]  c r y p t a n d S y a n d  m a c r o t r i c y c l i c  a n d  m a c r o t e t r a c y c l i c  c r y p t a n d s  a s  [ 3 ]  
a n d  [ 4 ]  c r y p t a n d s ;  r e s p e c t i v e l y .
-1 .3  SY N TH ETIC  METHODS FOR MACROBICYCLIC L IG A N D S
S i n c e  t h e  g e n e r a l  s t r a t e g y  f o r  t h e  s y n t h e s i s  o f  m a c r o b i c y c l i c  
c o m p o u n d s  w a s  d e s i g n e d  a n d  p u b l i s h e d  b y  L e h n  a n d  c o w o r k e r s 7 ' 9  o t h e r  r e l a t e d  
c o m p o u n d s  h a v e  b e e n  p r e p a r e d  b y  t h i s  r o u t e  a n d  r e p o r t e d  i n  t h e  l i t e r a ­
t u r e 2 8 ” 3 ^ .  I n i t i a l l y  L e h n  a n d  c o w o r k e r s 7 s y n t h e s i s e d  c r y p t a n d s ,  [ 2 2 2 ] ,  
[ 3 2 2 ] ,  [ 3 3 2 ]  a n d  [ 3 3 3 ] .  I n  t h e  c a s e  o f  c r y p t a n d  2 2 2 ,  b y  t h e  s y n t h e t i c
r o u t e  g i v e n  i n  f i g .  1 . 6 ,  t h e  h i g h  d i l u t i o n  r e a c t i o n  o f  1 , 8 - d i a m i n o - 3 , 6- d i ~
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o x a o c t a n e  ( 1 ) w i t h  t r i g l y c o l y l d i c h l o r i d e  ( 2 ) ,  i n  b e n z e n e  s o l u t i o n  g i v e s  a  
m o n o c y c l i c  d i a z a p o l y e t h e r  ( 3 ) ,  w h i c h  o n  r e d u c t i o n  b y  l i t h i u m  a l u m i n i u m  
h y d r i d e  i n  t e t r a h y d r o f u r a n  p r o d u c e s  a  m a c r o c y c l i c  t e t r a o x a - d i a m i n e  c o m p o u n d  
( 4 ) .  C o n d e n s a t i o n  o f  ( 4 )  w i t h  a  s e c o n d  m o l e c u l e  o f  d i c h l o r i d e  ( 2 )  g i v e s  
t h e  b i c y c l i c  d i a m i d e  ( 5 ) .  R e d u c t i o n  o f  b i c y c l i c  d i a m i d e  b y  d i b o r o n  y i e l d s  
b i s - ( b o r a n e - a m i n e ) a d d u c t  o f  c r y p t a n d  222 ( 6 ) ,  w h i c h  w h e n  t r e a t e d  w i t h  6M 
H C l y i e l d s  t h e  d i h y d r o c h l o r i d e  d e r i v a t i v e  ( 7 ) .  A n a q u e o u s  s o l u t i o n  o f  t h e  
p r o d u c t  i s  p a s s e d  t h r o u g h  a n  a n i o n  e x c h a n g e  c o lu m n  a n d  d i a m i n e  ( 7 ) ;  f r e e  
b a s e  c r y p t a n d  2 2 2  i s  l i b e r a t e d .  T h e  i n t r o d u c t i o n  o f  a l i p h a t i c  c h a i n s 2 7  o r  
a r o m a t i c  r i n g s 28 i n  h y d r o c a r b o n  c h a i n s  o f  t h e s e  s y s t e m s ,  a s  w e l l  a s  t h e  
s u b s t i t u t i o n  o f  o x y g e n  b i n d i n g  s i t e s  b y  n i t r o g e n 28 o r  s u l p h u r 38 i n  t h e s e  
c o m p o u n d s  h a s  b e e n  a c h i e v e d .
1 . 4  STRUCTURAL S T U D IE S  OF MACROBICYCLIC COMPOUNDS AND T H E IR  COMPLEXES
-  [ 2 ]  CRYPTATES
S t r u c t u r a l  s t u d i e s  o f  m a c r o b i c y c l i c  c o m p o u n d s  a n d  t h e i r  c o m p l e x e s  
p r o v i d e  i n f o r m a t i o n  w h i c h  e n a b l e s  t h e  i n v e s t i g a t i o n  o f  t h e  d i f f e r e n t  
f a c t o r s  i n c l u d i n g  1 ) c a t i o n  s i z e ,  t y p e  a n d  c h a r g e ,  2 ) l i g a n d  s i z e ,  t y p e  o f  
d o n o r  a t o m s  a n d  s u b s t i t u e n t s ,  a s  w e l l  a s  3 ) s o l v e n t  t y p e ,  t h a t  g o v e r n  t h e  
t y p e  o f  c o o r d i n a t i o n  w h i c h  o c c u r s .
M a c r o b i c y c l i c  c r y p t a n d s  c o n t a i n  a  s p h e r o i d a l  t h r e e - d i m e n s i o n a l  
i n t r a m o l e c u l a r  c a v i t y ,  t h e  s i z e  o f  w h i c h  i s  d e t e r m i n e d  b y  t h e  l e n g t h  o f  t h e  
b r i d g e s .  A s  e a c h  b r i d g e h e a d  m ay b e  t u r n e d  i n w a r d  o r  o u t w a r d  w i t h  r e s p e c t  
t o  t h e  m o l e c u l a r  c a v i t y ,  t h r e e  c o n f o r m a t i o n s  r e s u l t 3 ^ 3 2 ; e x o - e x o ( x , x )  
w h e r e  t h e  l o n e  p a i r  o f  n i t r o g e n  a t o m s  a r e  d i r e c t e d  a w a y  f o r m  t h e  
i n t r a m o l e c u l a r  c a v i t y ,  e x o - e n d o ( x , n )  a n d  e n d o - e n d o { n , n )  w h e r e  t h e  l o n e  
p a i r s  o f  n i t r o g e n  a t o m s  a r e  d i r e c t e d  t o w a r d s  t h e  i n t r a m o l e c u l a r  c a v i t y .
A l l  t h r e e  c o n f o r m a t i o n s  a r e  d e p i c t e d  i n  f i g .  1 . 7 .
e x o - e x o  exo -  endo  end o  -  endo
F i g .  1 . 7  -  C o n f o r m a t i o n s  o f  M a c r o b i c y c l i c  L i g a n d s
F o r  c o m p l e x  f o r m a t i o n ,  t h e  m o s t  f a v o u r a b l e  c o n f o r m a t i o n  w o u l d  b e  t h e  
e n d o - e n d o  f o r m  w h e r e  t h e  n i t r o g e n  l o n e  p a i r s  a r e  d i r e c t e d  i n w a r d s  t o w a r d s  
t h e  i n t r a m o l e c u l a r  c a v i t y  c o n t a i n i n g  t h e  m e t a l - i o n .  W e i s s  a n d  c o w o r k e r s  
h a v e  d e t e r m i n e d  t h e  c r y s t a l  s t r u c t u r e s  o f  s e v e r a l  c r y p t a t e  c o m p l e x e s .  T h e
X - r a y  c r y s t a l l o g r a p h i c  s t u d i e s  i n v o l v i n g  c r y p t a n d  2 2 2 ,  a n d  t h e  m e t a l
3 4  3 5  52  3 6  37  3 8  3 9
c a t i o n s  N a +  ,K +  , R b+  ,  c s +  ,  C a ^ +  ,  B a 2 +  a n d  T l +  h a v e  b e e n
r e p o r t e d .
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A l s o  t h e s e  w o r k e r s  d e t e r m i n e d  t h e  s t r u c t u r e s  o f  [l i “t“2 1 1 ]  , [ C o i i +2 2 1 ]
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a n d  [ B a z  3 2 2 ]  c r y p t a t e  c o m p l e x e s .  I t  w a s  f o u n d  t h a t  i n  a l l  t h e s e  
s t r u c t u r e s ,  t h e  l i g a n d  i s  i n  t h e  e n d o - e n d o  f o r m .  A c o m p r e h e n s i v e  l i s t  o f  
t h e  c r y p t a t e  c o m p l e x e s  w h o s e  s t r u c t u r e s  h a v e  b e e n  d e t e r m i n e d  i s  g i v e n  i n  
t a b l e  1 . 1 .
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T ab le  1.1 L i s t  o f r e p o r te d  c r y s t a l l i n e  s t r u c tu r e s  o f  m e ta l c r y p ta te s .
ft
C r y p t a t e  ' 1 R e f e r e n c e
[ L i + 2 1 1 3 1 “  • 4 0
[K+ 2 1 1 ] SC N ~ 41
[N a + 2 2 1 ]S C )S r  4 3
[K+ 2 2 1 ] S C N ~  ’ 4 3
[ C o 2+ 2 2 1 ] [ C o ( S C N ) 4 ] 2 ”  4 1
[N a + 2 2 2 ] I “  3 3 , 3 4
[N a + 2 2 2 ] N a “  4 4 , 4 5
[N a + 2 2 2 ] 3 S b 7 3 ”  1 5 4
[K + 2 2 2 ] I “  3 3 , 3 5
[K+ 2 2 2 ] 2S n 4 2 “  4 6
[R b + 2 2 2 ]  S C N ~ .H 2 0  3 6 , 5 2
[ C s + 2 2 2 ] S C N “ .H 2 0  3 3 , 3 6
[ T l + 2 2 2 ] H C 0 0 “ .H 2 0  3 9
[ B a 2+ 2 2 2 ] ( S C N “ ) 2 - H20 3 8
[ C a 2+ 2 2 2 ] ( B r “ ) 2 .H 2 0  3 7
[ P b 2+ 2 2 2 ] ( S C N “ ) 2 .H 2 0  4 7
[ B a 2 + 3 2 2 ] ( S C N ” ) 2 . 2 H 2 0  4 2
T h e  a l k a l i - m e t a l  c o m p l e x e s  o f  c r y p t a n d  2 2 2  d e m o n s t r a t e  t h e  f l e x i b i l i t y  
s o m e w h a t  o f  t h e  l i g a n d  b y  e x p a n d i n g  o r  c o n t r a c t i n g  s l i g h t l y  t o  a c c o m m o d a t e  
l a r g e r  o r  s m a l l e r  c a t i o n s .  T h e  c a v i t y  s i z e  o f  c r y p t a n d  [ 2 2 2 ]  i s  c l o s e  t o  
t h e  s i z e  o f  t h e  p o t a s s i u m  a n d  r u b i d i u m  c a t i o n s ,  s o  o n  c o m p l e x  f o r m a t i o n  t h e
l i g a n d  a d o p t s  a n  o v e r a l l  c o n f o r m a t i o n  o f  m i n i m a l  s t r a i n .  T a b l e  1 . 2  l i s t s
o  o
t h e  r a d i u s  ( A )  o f  m e t a l  i o n s  a n d  c a v i t y  d i a m e t e r  ( A )  o f  m a c r o b i c y c l i c  
c r y p t a n d s .
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T a b l e  1 . 2  T h e s i z e s  o f  m e t a l - i o n s a n d  m a c r o b i c y c l i c c r y p t a n d s
C a t i o n
a
R a d i u s
o
( A )
C r y p t a n d
b
C a v i t y  d i a m e t e r  
o
(A )
L i * 0 . 6 0 211 1 . 6 0
N a + 0 . 9 5 221 2.20
K+ 1 . 3 3 222 2 . 8 0
R b * 1 . 4 8 3 2 2 3 . 6 0
C s + 1 . 6 9 3 3 2 4 . 2 0
A g * 1 . 2 6 3 3 3 4 . 8 0
T l + 1 . 4 0
C a 2 + 0 . 9 9
a  T h e  v a l u e s  f r o m  r e f .  1 5 5  
k  T h e  v a l u e s  f r o m  r e f .  5 0
T h e  s t r u c t u r e  o f  t h e  s o d i u m  i o d i d e  c o m p l e x 33  o f  [ 2 2 2 ]  i s  g i v e n  i n  f i g .  1 . 8 .  
T h e  s o d iu m  i o n  i s  l o c a t e d  i n  t h e  i n t r a m o l e c u l a r  c a v i t y  s u r r o u n d e d  b y  t h e  
t w o  n i t r o g e n  a n d  s i x  o x y g e n  a t o m s  p r e s e n t  i n  c r y p t a n d  2 2 2 .
S i m i l a r l y  i n  a l l  t h e  s t r u c t u r e s  o f  t h e  p o t a s s i u m  i o d i d e  c o m p l e x 3 3 , r u b i d i u m  
t h i o c y a n a t e  c o m p l e x 32 ( f i g .  1 . 9 ) ,  a n d  c a e s i u m  t h i o c y a n a t e  c o m p l e x 33 o f  
c r y p t a n d  222 ,  t h e  a l k a l i  m e t a l - i o n  i s  e n c l o s e d  i n  t h e  i n t r a m o l e c u l a r  c a v i t y  
o f  t h e  l i g a n d .  H o w e v e r ,  w h e r e a s  t h e  p o t a s s i u m  a n d  r u b i d i u m  c a t i o n s  a r e  
c o m p l e x e d  a l m o s t  w i t h o u t  s t r a i n ,  t h e  l i g a n d  u n d e r g o e s  d e f o r m a t i o n  w h e n  
c o m p l e x i n g  w i t h  N a '1" o r  C s + . I t  h a s  b e e n  m e n t i o n e d  t h a t  t h i s  m ay  b e  s o m e ­
w h a t  r e f l e c t e d  i n  t h e  l o w e r  s t a b i l i t y  c o n s t a n t s  o f  N a +  a n d  C s +  c o m p l e x e s  
w i t h  r e s p e c t  t o  c o r r e s p o n d i n g  R b +  a n d  K+  c r y p t a t e s  ( s e e  s e c t i o n  1 . 8 ) .  I n
Fig. 1.8 Crystal structure of [Na+222]I cryptate (ref. 33)
Fig. 1.9 Crystal structure of [Rb+222] SCN cryptate (ref. 52)
23
t h e  c o r r e s p o n d i n g  c o m p l e x  w i t h  t h e  b i v a l e n t  c a l c i u m  i o n ,  t h e  c r y p t a n d  
a d o p t s  a n  u n s y m m e t r i c a l  c o n f o r m a t i o n  w i t h  o n e  w a t e r  m o l e c u l e  b e i n g  c o o r d i ­
n a t e d  t o  t h e  m e t a l  i o n 3 ? .  I n  t h e  b a r i u m  c o m p l e x  [ B a 2+ 2 2 2 ] ( S C N “ ) 2 *H2 0 ,  t h e  
c a t i o n  i n t e r a c t s  w i t h  t h e  t w o  n i t r o g e n  a n d  s i x  o x y g e n  a t o m s ,  t h e  w a t e r  
m o l e c u l e ,  a n d  w i t h  o n e  o f  t h e  a n i o n s  t h r o u g h  n i t r o g e n 3 8 . C r y p t a n d  [ 2 1 1 ]  
f o r m s  a  s t a b l e  c o m p l e x  w i t h  l i t h i u m  i o d i d e ,  w i t h  c o o r d i n a t i o n  a b o u t  t h e  
l i t h i u m  c a t i o n  d e s c r i b i n g  a  d i s t o r t e d  o c t a h e d r o n 4 0 , s t r u c t u r a l  s t u d i e s 41 
o f  [C o 2+ 2 2 1 ]  s h o w s  t h a t  t h e  c e n t r a l  i o n  i s  c o o r d i n a t e d  o n l y  b y  t h e  l i g a n d  
i n  a  s i m i l a r  m a n n e r  t o  t h a t  o f  t h e  [ N a + 2 2 2 ] , [K+ 2 2 2 ] ,  [R b + 2 2 2 ]  a n d  [ C s + 2 2 2 ]  
c o m p l e x e s .  I n  t h e  c o r r e s p o n d i n g  b a r i u m  c o m p l e x 4 2 , [ B a 2 + 3 2 2 ] 
h o w e v e r ,  t h e  b a r i u m  i o n  i s  c o o r d i n a t e d  t o  t h e  n i n e - r i n g  h e t e r o a t o m s  a n d  t w o  
w a t e r  m o l e c u l e s  w h i l e  t h e  SC N “  g r o u p s  i n t e r a c t  w i t h  t h e  c a t i o n  b y  h y d r o g e n  
b o n d i n g  t h r o u g h  t h e  s o l v e n t  m o l e c u l e s .
1 . 5  MULTINUCLEAR NMR S T U D IE S
NMR s t u d i e s  o f  f r e e  a l k a l i  c a t i o n s  a n d  t h e i r  c r y p t a t e  c o m p l e x e s  i n  
d i f f e r e n t  s o l v e n t s  h a v e  p r o v i d e d  v a l u a b l e  i n f o r m a t i o n  o n  c a t i o n  s o l v a t i o n  
a n d  c o m p l e x i n g .  P o p o v  a n d  c o w o r k e r s 5 4 " 5 ? h a v e  s h o w n  f r o m  a l k a l i - m e t a l  NMR 
s t u d i e s ,  t h a t  t h e  c h e m i c a l  s h i f t  o f  t h e  c a t i o n  i s  s e n s i t i v e  t o  i t s  
i m m e d i a t e  c h e m i c a l  e n v i r o n m e n t .  C o n s e q u e n t l y ,  t h e  n u c l e u s  o f  t h e  
u n c o m p l e x e d  a n d  c o m p l e x e d  i o n  w i l l  r e s o n a t e  a t  d i f f e r e n t  f r e q u e n c i e s .  F o r  
e x a m p l e ,  ? L i  r e s o n a n c e  o f  t h e  f r e e  c a t i o n ,  [ L i + 2 2 1 ]  a n d  [ L i + 2 2 2 ]  c o m p l e x e s  
h a v e  b e e n  s h o w n  t o  b e  s o l v e n t  d e p e n d e n t  w h e r e a s  t h a t  o f  [ L i + 2 1 1 ]  c r y p t a t e  
i s  i n d e p e n d e n t  o f  t h e  s o l v e n t ,  i n d i c a t i n g  t h e  i o n  i s  e f f e c t i v e l y  s h i e l d e d  
b y  t h e  c r y p t a n d 5 4 . K i n t z i n g e r  a n d  L e h n 58 s t u d i e d  N a +  c r y p t a t e s  w i t h  [ 2 2 2 ] ,
[ 2 2 1 ]  a n d  [ 2 1 1 ]  i n  95% m e t h a n o l  a n d  f o u n d  t h a t  t h e  2 3 N a  c h e m i c a l  s h i f t s  
v a r i e s  w i t h  t h e  c r y p t a n d .  T h e  2 3 N a  r e s o n a n c e  o f  t h e  f r e e  c a t i o n  w a s  s h o w n  
t o  b e  s o l v e n t  d e p e n d e n t  w h e r e a s  t h a t  o f  [ N a + 2 2 2 ] , w a s  o n l y  s l i g h t l y
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a f f e c t e d 5 6 / 5 9  ^ c e r a s o  a n d  D y e 60' 61 f o u n d  t h a t  c r y p t a n d s  w i l l  r e a c t  w i t h  
m e t a l  s o l u t i o n s  i n  b a s i c  s o l v e n t s  t o  y i e l d  a l k a l i  m e t a l  c r y p t a t e s  a n d  a n  
a l k a l i  a n i o n .  23N a + -NMR m e a s u r e m e n t s  o f  [ N a * 2 2 2 ]  N a ”  i n  m e t h y l a m i n e ,  
t e t r a h y d r o f u r a n  a n d  e t h y l a m i n e  s o l u t i o n s ,  s h o w e d  t h e  N a "  c h e m i c a l  s h i f t  t o  
b e  i n d e p e n d e n t  o f  t h e  s o l v e n t  a n d  l e d  t o  t h e  s u g g e s t i o n  t h a t  t h e  a n i o n  i s  
u n s o l v a t e d .  D y e  a n d  c o w o r k e r s 60 a l s o  o b s e r v e d  t h e  8 7 Rb a n i o n  i n  e t h y l a m i n e  
s o l u t i o n s  o f  [R b + 2 2 2 ] R b “ .
A l t h o u g h  X - r a y  s t u d i e s  s h o w e d  t h a t  C s +  i o n  c a n  b e  a c c o m m o d a t e d  i n t o  
t h e  c r y p t a n d  2 2 2  c a v i t y  w i t h  s o m e  c o n f o r m a t i o n a l  s t r a i n ,  NMR s t u d i e s  h a v e  
s h o w n  t h a t  t h e  c a t i o n  c a n n o t  b e  c o m p l e t e l y  e n c l o s e d  i n  t h e  l i g a n d  c a v i t y .
1 33C s +  NMR s t u d i e s  c a r r i e d  o u t  b y  M e i e t  a l 6 2 ' 63 i n  t h r e e  d i f f e r e n t  
s o l v e n t s  s h o w e d  t h a t  t h e  r e s o n a n c e  o f  t h e  c o m p l e x e d  c a t i o n  i s  s o l v e n t  
d e p e n d e n t .  T h e s e  w o r k e r s  s t u d i e d  t h e  v a r i a t i o n  o f  1 3 3 C s c h e m i c a l  s h i f t  f o r  
[ C s * 2 2 2 ]  c r y p t a t e ,  a s  a  f u n c t i o n  o f  t e m p e r a t u r e  i n  d i m e t h y l f o r m a m i d e ,  
p r o p y l e n e  c a r b o n a t e  a n d  a c e t o n i t r i l e 6 3 . A t  l o w  t e m p e r a t u r e s  i t  w a s  f o u n d
t h a t  t h e  c h e m i c a l  s h i f t s  a r e  n o  l o n g e r  s o l v e n t  d e p e n d e n t  i n d i c a t i n g  a n
\
e q u i l i b r i u m  b e t w e e n  t w o  f o r m s  o f  t h e  [ C s * 2 2 2 ]  c o m p l e x ;  a n  i n c l u s i v e  c o m p l e x  
w i t h  t h e  c a t i o n  i n s i d e  t h e  l i g a n d  c a v i t y  a t  l o w  t e m p e r a t u r e ,  a n d  a n  
e x c l u s i v e  c o m p l e x  ( F i g .  1 . 1 0 )  w i t h  t h e  c a t i o n  o n l y  p a r t i a l l y  e n c l o s e d  i n  
l i g a n d  c a v i t y  a n d  a c c e s s i b l e  t o  s o l v e n t  m o l e c u l e s  a t  h i g h  t e m p e r a t u r e .
[ C s * 2 2 2 ]  e x c l ±  [ C s * 2 2 2 ]  f n d  ( 1 . 1 )
F ig . 1 .1 0  E x c lu s iv e  [Cs+222] c r y p ta te
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A s  t h e  p h y s i c a l  p r o p e r t i e s  a n d  c h e m i c a l  r e a c t i v i t y  o f  a  c h e m i c a l  
s p e c i e  i s  l a r g e l y  d e t e r m i n e d  try i t s  i n t e r a c t i o n  w i t h  i t s  e n v i r o n m e n t ,  o n  
c o m p l e x a t i o n  t h e  p r o p e r t i e s  o f  t h i s  s p e c i e  w i l l  b e  a f f e c t e d .  F u r t h e r m o r e ,  
t h e  r e s u l t i n g  c o m p l e x  w i l l  d i s p l a y  o t h e r  p r o p e r t i e s  d e p e n d i n g  o n  t h e  n a t u r e  
o f  t h e  s u b s t r a t e - l i g a n d  p a i r .  R e g a r d i n g  t h i s ,  t h e  c r y p t a t e  c o m p l e x e s  
f o r m e d  b e t w e e n  m a c r o b i c y c l i c  c r y p t a n d s  a n d  m e t a l  c a t i o n s  s h o u l d  p r e s e n t  
i n t e r e s t i n g  f e a t u r e s .  E x h a u s t i v e  r e v i e w s  d e a l i n g  w i t h  t h e  v a r i o u s  
a p p l i c a t i o n s  o f  m a c r o b i c y c l i c  c r y p t a n d s  i n  c h e m i c a l  a n d  b i o c h e m i c a l  f i e l d s  
h a v e  b e e n  p u b l i s h e d  b y  L e h n 2 ^ / ^ . A g e n e r a l  s u r v e y  o f  t h e  k i n d  o f  
a p p l i c a t i o n s  f o r  w h i c h  t h e s e  l i g a n d s  h a v e  b e e n  u s e d  i s  n o w  p r e s e n t e d .
1 . 6 . 1  A n i o n  A c t i v a t i o n
A s  s h o w n  b y  n u m e r o u s  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n s 33” 36 a n d  
c o n d u c t i v i t y  s t u d i e s 76 ( s e e  s e c t i o n  1 . 4 ) ,  c r y p t a t e  f o r m a t i o n  ( o n  c o m p l e x ­
a t i o n  o f  a  s a l t  b y  a  c r y p t a n d )  l e a d s  t o  c a t i o n - a n i o n  s e p a r a t i o n  o r  
d i s s o c i a t i o n  t h u s  e n h a n c i n g  a n i o n i c  r e a c t i v i t y .  C o n s e q u e n t l y ,  c r y p t a n d s  
p r o v i d e  a  m e a n s  o f  s o l u b i l i s i n g  s i m p l e  m e t a l  s a l t s  i n  n o n - p o l a r  a n d  d i p o l a r  
a p r o t i c  s o l v e n t s .  F o r  e x a m p l e ,  t h e  h i g h l y  h i n d e r e d  e s t e r  m e t h y l  m e s i t o a t e  
c a n  b e  h y d r o l y s e d  a t  r o o m  t e m p e r a t u r e  b y  p o w d e r e d  KOH i n  d r y  b e n z e n e  i n  t h e  
p r e s e n c e  o f  [ 222 ] 7 7 . j?o r  ^-he mQr e  r a p i d  h y d r o l y s i s  o f  t h i s  e s t e r ,  
c o n c e n t r a t e d  s o l u t i o n s  o f  KOH i n  d i m e t h y l s u l p h o x i d e  c o n t a i n i n g  [ 2 2 2 ]  w e r e  
u s e d 7 7 . A l s o  s t r o n g  b a s i c  s o l u t i o n s  r e s u l t  f r o m  t h e  a d d i t i o n  o f  c r y p t a n d
222 t o  s o l u t i o n s  o f  s o d i u m  t e r t - a m y l a t e  i n  b e n z e n e  o r  s o l u t i o n s  o f  b u t y l  
7 7l i t h i u m  i n  h e x a n e ' ' .
C r y p t a n d s ,  l i k e  c r o w n  e t h e r s  h a v e  b e e n  u s e d  i n  p h a s e - t r a n s f e r  
c a t a l y s i s  f a c i l i t a t i n g  t h e  t r a n s p o r t  o f  a n i o n s  f r o m  a n  a q u e o u s  o r  s o l i d
1 .6  APPLICATIONS
p h a s e  t o  t h e  o r g a n i c  p h a s e .  V a r i o u s  s t u d i e s  d e a l i n g  w i t h  t h e  u s e  o f  c r o w n  
e t h e r s  a n d  c r y p t a n d s  i n  p h a s e - t r a n s f e r  c a t a l y s i s  h a v e  b e e n  r e p o r t e d  i n  t h e  
l i t e r a t u r e ? 8 ” 8 3 . C r y p t a n d s  a l s o  h a v e  f o u n d  a p p l i c a t i o n  i n  t h e  e l u c i d a t i o n  
o f  i o n i c  r e a c t i o n  m e c h a n i s m s  i n v o l v i n g  c o m p l e x a b l e  m e t a l  c a t i o n s 8 3 ” 8 8 . T h e  
i n h i b i t i o n  o f  c a t i o n  p a r t i c i p a t i o n  b y  c r y p t a t i o n  h a s  b e e n  u s e d  t o  d e m o n ­
s t r a t e  t h e  r o l e  o f  c a t i o n s  i n  v a r i o u s  r e a c t i o n s 8 3 ' 8 ? .
1 . 6 . 2  A n i o n i c  P o l y m e r i z a t i o n
U s i n g  c a t a l y t i c  q u a n t i t i e s  o f  c r y p t a n d ,  c r y p t a t e - i n d u c e d  a n i o n i c  
a c t i v a t i o n  h a s  b e e n  a p p l i e d  t o  a n i o n i c  p o l y m e r i z a t i o n .  T h e  p o l y m e r i z a t i o n  
o f  a  n u m b e r  o f  o t h e r w i s e  u n r e a c t i v e  m o n o m e r s  u s i n g  a l k a l i  m e t a l s  o r  s a l t s  
i n  t h e  p r e s e n c e  o f  c r y p t a n d s  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e 8 8 ' 8 3 ' 8 4 . 
F o r  e x a m p l e  s t y r e n e  p o l y m e r i z a t i o n  m ay b e  i n i t i a t e d  b y  t h e  [ 2 2 1 ]  c r y p t a t e  
o f  s o d i u m - t - a m y l a t e 8 8 . o t h e r  p o l y m e r i z a t i o n  s t u d i e s  h a v e  a l s o  s h o w n  
e n h a n c e d  p r o p a g a t i o n  r a t e  c o n s t a n t s .  J o h a n n  a n d  M u e l l e r 85 f o u n d  t h a t  t h e  
r a t e  o f  p o l y m e r i z a t i o n  o f  m e t h y l  m e t h a c r y l a t e  i s  i n c r e a s e d  t e n - f o l d  i n  t h e  
p r e s e n c e  o f  t h e  s o d i u m  c r y p t a t e  c o m p l e x ;  [N a + 222 ] r a t h e r  t h a n  t h e  f r e e  N a +  
i o n .
1 . 6 . 3  C a t i o n  T r a n s p o r t
F o l l o w i n g  t h e  u s e  o f  n a t u r a l  a n d  s y n t h e t i c  m a c r o c y c l i c  c o m p o u n d s  8 8 ~ 9 8  
f o r  c a t i o n  t r a n s p o r t ,  K i r c h  a n d  L e h n 25 h a v e  s t u d i e d  s e l e c t i v e  a l k a l i  m e t a l  
t r a n s p o r t  b y  m a c r o b i c y c l i c  c r y p t a n d s  i n  a r t i f i c i a l  m e m b r a n e  s y s t e m s .  T h e  
c r y p t a n d s  [ 2 2 2 ] ,  [ 3 2 2 ] ,  [ 3 3 3 ]  a n d  [ 2 2 C g ]  w e r e  u s e d  f o r  t r a n s p o r t i n g  a l k a l i  
m e t a l  p i c r a t e s  t h r o u g h  a  l i q u i d  m e m b r a n e ,  a n d  r e s u l t s  s h o w e d  t h a t  w h i l e
[ 2 2 2 ]  i s  a  s p e c i f i c  p o t a s s i u m  i o n  r e c e p t o r ,  [ 2 2 C g ]  f u n c t i o n s  a s  a  s p e c i f i c  
p o t a s s i u m  i o n  c a r r i e r .  T h u s  a  s i m p l e  s t r u c t u r a l  m o d i f i c a t i o n  m ay t r a n s f o r m
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a  c a t i o n  r e c e p t o r  i n t o  a  c a t i o n  c a r r i e r .  S i m i l a r l y  N a *  a n d  L i *  r e c e p t o r s
[ 2 2 1 ]  a n d  [ 2 1 1 ]  m ay b e  m o d i f i e d  t o  N a *  a n d  L i *  c a r r i e r s 2 3 ' ^ 8 .
1 . 6 . 4  E x t r a c t i o n  o f  C a t i o n s  
( S e e  s e c t i o n  1 . 9 ) .
1 . 6 . 5  S t a b i l i z a t i o n  o f  M e t a l  A n i o n s
A l t h o u g h  m a c r o c y c l i c  p o l y e t h e r s ,  l i k e  c r y p t a n d s  s u c h  a s  [ 2 2 2 ]  g r e a t l y
e n h a n c e  t h e  s o l u b i l i t y  o f  a l k a l i  m e t a l s  i n  d i f f e r e n t  s o l v e n t s ,  t h e  h i g h e r
s t a b i l i t y  o f  c r y p t a t e s  m a k e s  [ 2 2 2 ]  m o r e  e f f i c i e n t  f o r  t h i s  p u r p o s e .  I n  
a d d i t i o n ,  t h e  i s o l a t i o n  b y  D y e  e t  a l 4 4 / 4 3 / 102 o f  t h e  f i r s t  s a l t  c o n t a i n i n g  
a n  a l k a l i  m e t a l  a n i o n ,  [ N a * 2 2 2 ] N a “  i l l u s t r a t e d  t h e  a b i l i t y  o f  c r y p t a t e  i o n s  
t o  s t a b i l i z e  u n u s u a l  s p e c i e s .  G o l d e n ,  s h i n y  c r y s t a l s  o f  [ N a * 2 2 2 ] N a “  w e r e  
g r o w n  b y  c o o l i n g  a  s a t u r a t e d  s o l u t i o n  o f  s o d i u m  m e t a l  c o n t a i n i n g  [ 222 ] i n  
e t h y l a m i n e 44 4 3 . I t s  c r y s t a l  s t r u c t u r e 44 h a s  b e e n  s t u d i e d  a n d  f o u n d  t o  b e  
s i m i l a r  t o  t h a t  o f  [ N a * 2 2 2 ] I “  w i t h  t h e  s o d i u m  i o n  s i t u a t e d  i n  t h e  c e n t e r  o f  
t h e  c r y p t a n d .  T h e  e l e c t r i d e  [ N a * 2 2 2 ] e ” h a s  a l s o  b e e n  o b s e r v e d  a s  w e l l  a s  
[K * 222 ]K “  4 4 , 1 0 3 ^  A n  a r e a  Qf  p o t e n t i a l  i n t e r e s t  t o  c a t a l y s i s  i s  t h e  
s t a b i l i z a t i o n  o f  a  n u m b e r  o f  h o m o -  a n d  h e t e r o -  p o l y a t o m i c  a n i o n s  w i t h  
c r y p t a t e  c a t i o n s .  F o r  e x a m p l e ,  [ N a * 2 2 2 ]  f o r m s  s t a b l e  c o m p l e x e s  w i t h  h e a v y  
p o s t - t r a n s i t i o n  m e t a l s  S b 7 3 “ ,  P b g 2 " a n d  S n g 4 ” ,  b y  p r e v e n t i n g  r e v e r s i o n  t o  
t h e  i n i t i a l  s o d i u m - m e t a l  a l l o y  p h a s e ^ 0 4 .
1 . 6 . 6  P o t e n t i a l  A p p l i c a t i o n s
O t h e r  a p p l i c a t i o n s  f o r  c r y p t a n d s  h a v e  b e e n  p r o p o s e d .  F o r  e x a m p l e ,  
L e j a i l l e  e t  a l 108 p r o p o s e d  t h e  u s e  o f  [ N a * 2 2 2 ] / N a { s ) a n d  [ A g * 2 2 2 ] / A g ( s )
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c r y p t a t e  s y s t e m  a s  a  p o t e n t i a l  r e f e r e n c e  f o r  e v a l u a t i n g  t r a n s f e r  a c t i v i t y  
c o e f f i c i e n t s  o f  i o n  s o l v a t i o n .
T h e  u s e  o f  c r y p t a n d  [ 2 2 2 ]  i n  t h e  d e c o r p o r a t i o n  o f  r a d i o a c t i v e  
s t r o n t i u m - 8 5  a n d  r a d i u m - 2 2 4  f r o m  r a t s  h a s  a l s o  b e e n  r e p o r t e d  b y  M u l l e r ^ 0 9 . 
L e h n ^00 h a s  p r o p o s e d  t h e  u s e  o f  c r y p t a n d  2 2 2  f o r  p u r i f y i n g  1 3 7 C s ,  t o  u n c l o g  
o i l  w e l l s ,  a s  w e l l  a s  t h e  u s e  o f  c r y p t a n d  221 t o  d i s s o l v e  s o d i u m  u r a t e  
w h o s e  c r y s t a l l i s a t i o n  i n  t h e  j o i n t s  c a u s e s  g o u t .
I n  a d d i t i o n ,  L e h n  a n d  c o w o r k e r s  28 f o u n d  i n t e r e s t i n g  c o m p l e x a t i o n  
p r o p e r t i e s  o f  a  n u m b e r  o f  m a c r o b i c y c l i c  l i g a n d s  t o w a r d s  t o x i c  h e a v y  m e t a l  
c a t i o n s  s u c h  a s  H g 2 +  a n d  P b 2 + ,  a n d  h a v e  e n v i s a g e d  t h e i r  u s e  i n  t h e  a r e a  o f  
" c r y p t a t o t h e r a p y "  f o r  t r e a t m e n t  o f  m e t a l  p o i s o n i n g  a n d  e n v i r o n m e n t a l  
p o l l u t i o n  c o n t r o l .
1.7 KINETIC STUDIES OF METAL CRYPTATES
I n  o r d e r  t o  e l u c i d a t e  t h e  m e c h a n i s m  b y  w h i c h  m a c r o b i c y c l i c  c r y p t a n d s  
c o m p l e x  i o n s  a n d  t o  u n d e r s t a n d  t h e  p r o c e s s  o f  i o n  t r a n s p o r t ,  k i n e t i c  
s t u d i e s  a r e  e s s e n t i a l .  T h e  m e t h o d s  u s e d  i n  s t u d y i n g  t h e  k i n e t i c s  a n d  
d y n a m i c s  o f  c r y p t a t e  c o m p l e x  f o r m a t i o n 64-68  a n d  d i s s o c i a t i o n  i n c l u d e s  
r e l a x a t i o n  t e c h n i q u e s  s u c h  a s  t e m p e r a t u r e - j u m p 7 0 ' a n d  u l t r a s o n i c  
m e t h o d s , 7 0 / 7 2  s t o p p e d  f l o w  s p e c t r o p h o t o m e t r y 66 a n d  v a r i a b l e - t e m p e r a t u r e  
m u l t i n u c l e a r  NMR m e a s u r e m e n t s 68 7 3 “ 7 5 . p Qr  t h e  c r y p t a t e  c o m p l e x e s ,  t h e  
r a t e s  o f  d e c o m p l e x a t i o n  a r e  u s u a l l y  s l o w  a n d  t h e  h i g h  s t a b i l i t y  o f  t h e s e  
c o m p l e x e s  m ay b e  d i r e c t l y  r e l a t e d  t o  t h i s .  F o r  e x a m p l e ,  t h e  s t a b i l i t y  o f  
b i v a l e n t  m e t a l  c r y p t a t e s  m a y  b e  r e l a t e d  t o  t h e i r  s l o w e r  r a t e  o f  d e c o m p l e x ­
a t i o n  a s  c o m p a r e d  t o  a l k a l i - m e t a l  c o m p l e x e s 6 8 . C o x  a n d  S c h n e i d e r 64 h a v e  
a l s o  s h o w n  t h a t  a t  l o w  pH c a t i o n  d i s s o c i a t i o n  o c c u r s  v i a  a n  a c i d  c a t a l y s e d  
p a t h w a y .  I n  r e l a t i o n  t o  i o n  t r a n s p o r t ,  t h e  m o s t  s t a b l e  c r y p t a t e s  w o u l d  
r e l e a s e  t h e  c a t i o n  v e r y  s l o w l y  t h u s  f u n c t i o n i n g  a s  c a t i o n  r e c e p t o r s ;
w h e r e a s  t h e  l e s s  s t a b l e  c r y p t a t e s  s h o w i n g  s l o w e r  r a t e s  o f  e x c h a n g e  w i l l  
f u n c t i o n  a s  c a t i o n  c a r r i e r s .
1 .8 S T A B IL IT Y  CONSTANTS OF METAL IO N S AND MACROCYCLIC LIG A N D S IN  WATER
AND NONAQUEOUS SOLVENTS
T h e  s t a b i l i t y  c o n s t a n t s  o f  v a r i o u s  l i g a n d s  s u c h  a s  t h e  n a t u r a l l y
o c c u r i n g  m a c r o c y c l e s ,  s y n t h e t i c  m a c r o c y c l i c  p o l y e t h e r s  a n d  m a c r o b i c y c l i c
c r y p t a n d s  w i t h  v a r i o u s  m e t a l  c a t i o n s  h a v e  b e e n  d e t e r m i n e d  i n  d i f f e r e n t  
s o l v e n t s .  T h e  m e t h o d s  e m p l o y e d  i n c l u d e  t h e  u s e  o f  i o n - s e l e c t i v e  
e l e c t r o d e s 5 0 ' 1 1 4 ' 1 1 8 , c a l o r i m e t r y 15 / 1 1 1 / 11S ,  p o l a r o g r a p h y 1 1 3 , c o n d u c t i v i t y  
a n d  s o l u b i l i t y  s t u d i e s 1 1 ^ ,  p H - m e t r i c  t i t r a t i o n s 5 0 '  1 1 3 '  117  p o t e n t i o m e t r i c  
t i t r a t i o n s  u s i n g  A g +118  a n d  T l + 1 1 9 , a n d  NMR s t u d i e s 5 4 ' 1 2 2 ' 1 2 3 . I n  t a b l e
1 . 3  a r e  g i v e n  t h e  s t a b i l i t y  c o n s t a n t s  ( l o g  K g ) o f  v a r i o u s  m e t a l  c o m p l e x e s  
i n  m e t h a n o l  r e p o r t e d  i n  t h e  l i t e r a t u r e .
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T a b le  1 .3  S t a b i l i t y  c o n s ta n ts  ( lo g  Ks ) o f  m e ta l com plexes in  m ethano l a t
298 K ( u n i t s  o f Ks mol” 1 dm3 ) a t  298 K
l o g  K s
c a t i o n
a
V a l i n o m y c i n
a
E n n i a t i n  B
a
N o n a c t i n
b
M o n e n s  i n
c
1 8 - c r o w n - 6 [ 222 ] C
L i * - 1 . 2 8 — 3 . 3 - 2 . 6
N a * 1 . 10 2 . 4 0 2 . 3 6 6 . 7 2 4 . 3 6 7 . 8 9
K* 4 . 7 0 2 . 9 2 4 . 1 5 5 . 1 8 6 . 0 6 10.6
R b * 5 . 2 6 2 . 7 4 4 .  15 4 . 5 8 5 . 3 2 8 . 9 8
C s * 4 . 4 1 2 . 3 4 3 . 1 8 3 . 7 5 4 . 7 9 4 . 4
A g * - - - 8.2 4 . 5 8 1 2 . 2 5
a R e f . 5
b R e f .  1 4 1
c R e f .  1 1 1
d R e f .  1 1 8
T h e  s t a b i l i t y  c o n s t a n t  d a t a  i n  m e t h a n o l 3 i n d i c a t e s  t h e s e  n e u t r a l  
i o n o p h o r e s  c a n  s e l e c t i v e l y  d i s t i n g u i s h  b e t w e e n  L i *  o r  N a *  a n d  t h e  l a r g e r  
c a t i o n s  K * ,  R b *  a n d  C s * .  H o w e v e r ,  a m o n g  t h e  l a r g e r  c a t i o n s  s u c h  a s  K * a n d  
C s * ,  t h e s e  n a t u r a l  m a c r o c y c l e s  s h o w  p o o r  s e l e c t i v i t y  a s  a  r e s u l t  o f  t h e i r  
f l e x i b i l i t y .  S i m i l a r  f e a t u r e s  a r e  o b s e r v e d  i n  t h e  l a r g e r ,  m o r e  f l e x i b l e  
m a c r o b i c y c l i c  c r y p t a n d s  s u c h  a s  c r y p t a n d  [ 3 3 3 ] .  P e d e r s o n  a n d  F r e n s d o r f f 144 
h a v e  r e p o r t e d  t h e  s t a b i l i t y  c o n s t a n t s  i n  w a t e r  a n d  m e t h a n o l  f o r  t h e  
c o m p l e x a t i o n  o f  a  n u m b e r  o f  c r o w n  e t h e r s  w i t h  m e t a l  c a t i o n s .  I n  a d d i t i o n ,  
F r e n s d o r f f 131 d e t e r m i n e d  t h e  s t a b i l i t y  c o n s t a n t s  o f  s e v e r a l  c r o w n  e t h e r s  
w i t h  a l k a l i  m e t a l  a n d  s i l v e r  c a t i o n s  a s  w e l l  a s  t h e  a m m o n iu m  i o n  i n  w a t e r
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a n d  m e t h a n o l  s o l u t i o n s  b y  p o t e n t i o m e t r i c  m e a s u r e m e n t s  u s i n g  c a t i o n  
s e l e c t i v e  e l e c t r o d e s .  I z a t t  e t  a l l 5 2 / 1 5 3  u s e d  t i t r a t i o n  c a l o r i m e t r y  f o r  
d e t e r m i n i n g  s i m u l t a n e o u s l y  t h e  s t a b i l i t y  c o n s t a n t  a n d  e n t h a l p y  o f  c o m p l e x ­
a t i o n  o f  a  n u m b e r  o f  m e t a l  c a t i o n s  w i t h  c r o w n  e t h e r s  s u c h  a s  1 5 - c r o w n - 5  a n d  
1 8 - c r o w n - 6  i n  w a t e r ,  m e t h a n o l -! 11 a n d  i n  s e v e r a l  m e t h a n o l - w a t e r  m i x t u r e s  16 3 .
S c h o r i  a n d  c o w o r k e r s ^66 d e t e r m i n e d  s t a b i l i t y  c o n s t a n t s  o f  
d i b e n z o - 1 8 - c r o w n - 6  w i t h  a  n u m b e r  o f  c a t i o n s  i n  w a t e r  s p e c t r o p h o t o m e t r i c a l l y  
b y  a  s o l u b i l i t y  t e c h n i q u e .
S t a b i l i t y  c o n s t a n t  m e a s u r e m e n t s  o f  a  n u m b e r  o f  c r o w n  e t h e r s  w i t h  m e t a l  
c a t i o n s ,  i n  v a r i o u s  s o l v e n t s ,  s h o w  t h e  Ks  v a l u e s  v a r y  o v e r  a  s m a l l e r  r a n g e  
t h a n  t h a t  o f  c o r r e s p o n d i n g  c o m p l e x e s  w i t h  m a c r o b i c y c l i c  c r y p t a n d s .  P o p o v  
e t  a l 74 r e p o r t e d  s t a b i l i t y  c o n s t a n t s  o f  c a e s i u m  c a t i o n  w i t h  1 8 - c r o w n - 6 ,  
d i b e n z o - 1 8 - c r o w n - 6  a n d  d i c y c l o h e x y l - 1 8 - c r o w n - 6  i n  p y r i d i n e ,  p r o p y l e n e  
c a r b o n a t e ,  a c e t o n e ,  N , N - d i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e  a n d  a c e t o n i ­
t r i l e  d e t e r m i n e d  b y  NMR m e a s u r e m e n t s .  A l s o ,  S r i v a n a v i t  e t  a l "!67  d e t e r m i n e d  
f r o m  NMR s t u d i e s  t h e  s t a b i l i t y  c o n s t a n t s  o f  m e t a l  c a t i o n s  L i + ,  N a + , R b + ,
C s +  a s  w e l l  a s  s i l v e r  a n d  a m m o n iu m  i o n  w i t h  1 5 - c r o w n - * 5 ,  1 8 - c r o w n - 6 ,  
d i b e n z o - 1 8 - c r o w n - 6  a n d  d i c y c l o h e x y l - 1 8 - c r o w n - 6  i n  a  n u m b e r  o f  s o l v e n t s .
T h e  l a t t e r  i n c l u d e d  m e t h a n o l / d i m e t h y l s u l p h o x i d e  a n d  N , N - d i m e t h y I f o r m a m i d e .  
F u r t h e r  s t a b i l i t y  c o n s t a n t  m e a s u r e m e n t s  o f  d i f f e r e n t  c r o w n  e t h e r s  i n  o t h e r  
s o l v e n t s  h a v e  b e e n  r e p o r t e d  b y  i n d e p e n d e n t  w o r k e r s ^ 6 6 2 ,
T h e  m a c r o b i c y c l i c  l i g a n d s  w i t h  t h e i r  t h r e e - d i m e n s i o n a l  s p h e r o i d a l  
c a v i t y  a r e  w e l l  s u i t e d  t o  f o r m  s t a b l e  a n d  s e l e c t i v e  c o m p l e x e s  w i t h  c a t i o n s  
a s  r e p r e s e n t e d  b y  t h e  e q u i l i b r i u m  i n  f i g .  1 . 1 1 . I n d e e d ,  a s  m e n t i o n e d  
e a r l i e r ,  t h e  g r e a t  i n t e r e s t  s h o w n  i n  t h e s e  l i g a n d s  i s  a  r e s u l t  o f  t h e  
s t a b i l i t y  o f  t h e i r  c a t i o n  c o m p l e x e s  a n d  t h e i r  a b i l i t y  t o  s e l e c t i v e l y  
c o m p l e x  c e r t a i n  c a t i o n s  i n  p r e f e r e n c e  t o  o t h e r s ;  t h e  p r o n o u n c e d  s t a b i l i t y  
o f  s u c h  c r y p t a t e  c o m p l e x e s  o v e r  t h e i r  m o n o c y c l i c  a n a l o g o u s  b e i n g  a t t r i b u t e d  
t o  t h e  m a c r o b i c y c l i c  c r y p t a t e  e f f e c t 6 0 .
F i g .  1 . 1 1  F o r m a t i o n  o f  c r y p t a t e  i n c l u s i o n  c o m p l e x  b e t w e e n  c r y p t a n d  2 2 2  
a n d  a  m e t a l  c a t i o n
W h e r e  c o m p a r i s o n  i s  p o s s i b l e ,  c r y p t a n d s  f o r m  t h e  s t r o n g e s t  c o m p l e x e s  
o f  a l k a l i  m e t a l  c a t i o n s ,  s t a b i l i t y  c o n s t a n t s  e x c e e d i n g  t h a t  w i t h  a n y  o t h e r  
n a t u r a l  o r  s y n t h e t i c  i o n o p h o r e  s t u d i e d  t o  d a t e 1 1 0 .
C o n s e q u e n t l y ,  i n  s t u d y i n g  t h e  p r o p e r t i e s  o f  t h e s e  c o m p l e x e s ,  
m e a s u r e m e n t s  o n  t h e  s t a b i l i t y  o f  m e t a l  i o n  c r y p t a t e s  i n  d i f f e r e n t  s o l v e n t  
s y s t e m s  a r e  e s s e n t i a l .  A n a c c o u n t  o f  t h e  r e s e a r c h  f o r  t h e  c o m p l e x a t i o n  o f  
m e t a l  c a t i o n s  w i t h  m a c r o b i c y c l i c  l i g a n d s  i n  s o l u t i o n  a v a i l a b l e  i n  t h e  
l i t e r a t u r e  i s  now  g i v e n .
C o n s i d e r i n g  t h e  r e a c t i o n  b e t w e e n  a  m e t a l  i o n ,  Mn + , a n d  a  l i g a n d  L t o  
f o r m  t h e  c r y p t a t e  (MLn + ) ,
Mn + ( s )  +  L ( s )  > M L n + ( s )
Ks  =  [MLn + ) / [ M n + ] [ L ]  ( 1 . 2 )
t h e  s t a b i l i t y  c o n s t a n t s  ( l o g  K s ) f o r  c r y p t a t e  f o r m a t i o n  h a v e  b e e n
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d e t e r m i n e d  i n  a  v a r i e t y  o f  p r o t i c  a n d  a p r o t i c  s o l v e n t s  b y  s e v e r a l  
w o r k e r s 3 0 ' 6 2 /6 6 *112 A  1 3 ✓ 1 1 7 - 1 2 2 ,  T a b l e s  1 . 4 ,  1 . 5  a n d  1 . 6  l i s t  l i t e r a t u r e  
d a t a  o f  s t a b i l i t y  c o n s t a n t s  o f  m e t a l - i o n  c r y p t a t e s  ( [ M * 2 1 1 ] ,  [M * 2 2 1 ]  a n d  
[ M * 2 2 2 ] ) i n  v a r i o u s  s o l v e n t s .  T a b l e  1 . 7  c o n t a i n s  s t a b i l i t y  c o n s t a n t s  o f  
a l k a l i  e a r t h  m e t a l  c r y p t a t e s  a n d  t a b l e  1 . 8  s t a b i l i t y  c o n s t a n t s  o f  o t h e r  
c r y p t a n d s  i n  m e t h a n o l .  W o rk  b y  L e h n  a n d  c o w o r k e r s 30 i n v o l v e d  t h e  
m e a s u r e m e n t  o f  s t a b i l i t y  c o n s t a n t s  o f  c r y p t a n d s  ( [ 2 1 1 ] ,  [ 221 ] ,  [ 222 ] ,
[ 3 2 2 ] ,  [ 3 3 2 ]  a n d  [ 3 3 3 ] )  w i t h  m e t a l  c a t i o n s  i n  w a t e r ,  m e t h a n o l - w a t e r  m i x t u r e
( 9 5 : 5 )  a n d  m e t h a n o l  b y  a n a l y s i s  o f  p H - m e t r i c  t i t r a t i o n  c u r v e s  o r  u s e  o f  
c a t i o n  s e l e c t i v e  e l e c t r o d e s .  H i g h e s t  s t a b i l i t i e s  w e r e  f o u n d  f o r  [ L i + 2 1 1 ] ,  
[ N a * 2 2 1 ] ,  [ K * 2 2 2 ] , [ R b * 2 2 2 ]  a n d  [ C s + 3 2 2 ]  c r y p t a t e s  i n  a l l  s o l v e n t  s y s t e m s ;  
t h e  d a t a  c o r r e s p o n d i n g  t o  p r e f e r r e d  c o m p l e x a t i o j i  o f  t h o s e  c a t i o n s  w h o s e  
s i z e  m o s t  c l o s e l y  f i t s  t h e  i n t r a m o l e c u l a r  c a v i t y .  T h i s  l e a d  t o  t h e  
s u g g e s t i o n  b y  t h e s e  a u t h o r s  t h a t  c a t i o n  a n d  l i g a n d  c a v i t y  s i z e  r e p r e s e n t s  a  
c r i t e r i o n  f o r  c a t i o n  s e l e c t i v i t y .
T a b l e  1 . 4  S t a b i l i t y  c o n s t a n t s  ( l o g  Kg ) o f  m e t a l - i o n  c r y p t a t e s ,  [ M * 2 1 1 ]  
i n  d i f f e r e n t  s o l v e n t s  a t  2 9 8  K
a
l o g  K q
c a t i o n  H2O MeOH E tO H  DMF N ^ S O  PC AN NMP
,  b
L i *  . 5 . 5 0  8 . 0 4  8 . 4 7  6.86  5 . 8 4  1 2 . 4 4  -  6 . 4 3
. b
N a *  3 . 2 0  6 . 1 0  7 . 0 9  5 . 1 7  4 . 4 7  8 . 7 6  -  5 . 0 6
+ bK -  2 . 3 0  -  3 . 3 5  2 . 8 5  2 . 4 6
R b *  1 . 9 0
A g *  8 . 5  1 0 . 6 0  9 . 7 0  8 . 6 1  6 . 1 7  1 4 . 4 4  7 . 7 5  7 . 6 4
a  A v e r a g e d  v a l u e s  f r o m  r e f .  1 1 8  
b  R e f .  6 7
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T a b le  1 .5  S t a b i l i t y  c o n s ta n ts  ( lo g  Ks ) o f m e ta l- io n  c r y p t a t e s ,  [M+221]
i n  d i f f e r e n t  s o lv e n ts  a t  298 K
a
l o g  K s
c a t i o n h 2 o MeOH EtO H DMF M e2 SO PC AN NMP
L i + 2 . 5 0 5 . 3 8 5 . 3 8 3 . 5 8 2 . 7 7 9 . 6 0 1 0 . 3 2 3 . 4 8
N a + 5 . 4 0 9 . 0 0 10.20 7 . 9 8 6 . 9 4 1 2 . 0 9 - 6 . 5 5
1C+ 3 . 9 5 8 . 5 4 8 . 5 6 6 • 66 5 . 9 7 9 . 8 8 9 . 5 0 6 . 1 1
Rb + 2 . 5 5 6 . 7 4 6.88 5 . 3 1 4 . 6 4 • 7 . 0 3 7 . 2 7 5 . 5 5
C s + - 4 . 3 3 4 . 7 7 3 . 5 9 3 . 2 3 4 . 9 2 5 . 1 5 3 . 8 7
A g'h 11 .20 1 4 . 6 4 1 3 . 8 4 1 2 . 4 2 9 . 6 1 1 8 . 5 0 11.22 1 0 . 4 5
a  A v e r a g e d  v a l u e s  f r o m  r e f .  1 1 8
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T ab le  1.7 S t a b i l i t y  c o n s ta n ts  ( lo g  Ks ) o f a lk a l i n e - e a r t h  m e ta l
c r y p ta te s  in  d i f f e r e n t  s o lv e n ts  a t  298 K
c r y p t a n d
s o l v e n t c a t i o n [ 2 1 1 ] [2 2 1 ] [ 222 ], [2 22 ] 
B
[2 2 : 
B B
h 2 o C a 2 + 2 . 5 0 6 . 9 5 4 . 5 7 4 . 0 5 3 . 4 5
S r 2+ - 7 . 3 5 8 . 2 6 7 . 5 0 6 . 3 8
B a 2 + - 6 . 3 0 9 . 7 0 7 . 9 1 5 . 6 5
MeOH C a 2 + 5 . 4 3 9 . 9 2 8 . 1 4 7 . 1 9 5 . 9 4
S r 2 + - 1 1 . 0 4 11 . 7 5 1 0 . 5 2 9 . 0 5
B a 2 + - 1 0 . 6 2 1 2 . 9 1 1 . 0 5 8 . 8 5
M e2 SO C a 2 + - 3 . 9 0 2.1 0 - -
S r 2 + - 6. 10 5 . 2 6 4 . 3 3 3 . 5 8
B a 2 + - 5 . 3 0 6 . 5 0 5 . 1 0 3 . 4 6
DMF C a 2 * 3 . 0 9 6 . 5 8 3 . 7 9 2 . 6 0 -
S r 2 + - 7 . 9 5 7 . 3 0 6.10 4 . 8 9
B a 2 + - 6 . 9 6 8 . 3 9 6 . 4 6 4 . 6 7
PC C a 2 + 8 . 6 5 1 1 . 4 8 1 0 . 7 6 10.10 9 . 7 0
S r 2 + - - _ — 1 3 . 4 0
a R ef. 120
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T ab le  1 .8  S t a b i l i t y  c o n s ta n ts  ( lo g  Ks ) o f m e ta l - io n  c r y p ta te  com plexes
i n  m ethano l a t  298 K
a
l o g  Ks  
b  c
c a t i o n  [2 2 C  ] [2  2 2 ]  [2  2 2 ]  [ 3 3 2 ]  [ 3 3 3 ]
8 B B B
L i * - 2 . 1 9 - - -
N a * 3 . 5 0 7 . 5 0 7 . 6 0 3 . 2 0 ■ 2 . 7 0
K* 5 . 2 0 9 . 2 1 8 . 7 4 6.00 5 . 4 0
R b * 3 . 4 0 7 . 1 9 - 6 . 1 5 5 , 7 0
C s * 2 . 7 0 2 . 9 9 _ _ 5 . 9 0
a  R e f .  5 0  
b  R e f .  6 7  
c  R e f .  1 2 1
s e l e c t i v i t y .  I n  a d d i t i o n  t h e  n u m b e r  o f  b i n d i n g  s i t e s  w a s  s h o w n  t o  a f f e c t  
t h e  s t a b i l i t y  c o n s t a n t s  o f  t h e  c o m p l e x e s .  C o m p a r i s o n  o f  d a t a  f o r  [ 2 2 2 ]  a n d  
[ 2 2 C g ]  o f  s i m i l a r  c a v i t y  s i z e  s h o w e d  t h e  s t a b i l i t y  o f  t h e  N a *  a n d  K *  
c r y p t a t e s  d e c r e a s e s  b y  a  f a c t o r  o f  104 - 105 ( i n  m e t h a n o l - w a t e r ) o n  r e p l a c i n g  
t h e  t w o  o x y g e n  b i n d i n g  s i t e s  b y  t w o  CH2 g r o u p s .  • F u r t h e r m o r e ,  a s  t h e  n a t u r e  
o f  t h e  b i n d i n g  s i t e  w o u l d  d e t e r m i n e  t h e  n a t u r e  o f  c a t i o n - l i g a n d  i n t e r ­
a c t i o n ,  s u b s t i t i o n  o f  n i t r o g e n  o r  s u l p h u r  f o r  a n  e t h e r  o x y g e n  i n  t h e  
m a c r o b i c y c l i c  r i n g  i s  e x p e c t e d  t o  p r o d u c e  a  c h a n g e  i n  s t a b i l i t y  c o n s t a n t  o f  
t h e  c o m p l e x .  F o r  e x a m p l e ,  T l +  a n d  e s p e c i a l l y  A g *  c a t i o n s  i n t e r a c t  s t r o n g l y  
w i t h  n i t r o g e n  s i t e s  r e s u l t i n g  i n  t h e  f o r m a t i o n  o f  v e r y  s t a b l e  c r y p t a t e s .  
A l s o  a l k a l i  c a t i o n s  a r e  m o r e  s t r o n g l y  s o l v a t e d  b y  O t h a n  N o r  S  s i t e s  w i t h
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i n t e r a c t i o n s ;  t h a t  i s  0 >  N >  S .  C o m p a r i s o n  o f  t h e  s t a b i l i t y  c o n s t a n t s  f o r
a l k a l i  m e t a l  c r y p t a t e s  o f  [ 222 ] ,  12 2 2 _ ]  a n d  [ 2 , 2  2 1  ( t h e  l a t t e r  t w o
0 0 S  0 0 , S S
c o n t a i n i n g  1 a n d  2 s u l p h u r  a t o m s  i n  p l a c e  o f  o x y g e n  a t o m s ;  r e s p e c t i v e l y )  i n
m e t h a n o l  s h o w  a  d e c r e a s e  i n  t h e  v a l u e s  o f  l o g  < f r o m  [ 222 ] t o  [2 ,2 ,2  ] 8
5 0  0 , S  S
I n  i n v e s t i g a t i n g  c o m p l e x a t i o n  p r o p e r t i e s  o f  c r y p t a n d s  w i t h  a l k a l i n e  -  
e a r t h  c a t i o n s 6 0 ,  v e r y  s t a b l e  a l k a l i n e - e a r t h  c r y p t a t e s  w e r e  f o r m e d .  A s  i n  
t h e  c a s e  o f  a l k a l i - m e t a l  c a t i o n s ,  t h e  c a v i t y  s i z e  w a s  s h o w n  t o  a f f e c t  t h e  
s t a b i l i t y  c o n s t a n t s .  S e l e c t i v i t y  p e a k s  w e r e  m u ch  l e s s  s h a r p  t h a n  t h a t  f o r  
t h e  a l k a l i - m e t a l  c r y p t a t e s 6 0 .  I n  g e n e r a l ,  t h e  s e l e c t i v i t y  s e q u e n c e  d i s ­
p l a y e d  b y  c r y p t a n d s  [ 2 2 1 ] ,  [ 2 2 2 ] ,  [ 3 2 2 ] ,  [ 3 3 2 ]  a n d  [ 3 3 3 ]  t o w a r d s  a l k a l i n e
e a r t h  c a t i o n s  i s  o f  t h e  o r d e r  M g2 + ,  C a 2 + ^ _  S r 2 + , B a 2 + .
C r y p t a n d  [ 2 2 2 ]  s h o w e d  t h e  h i g h e s t  s e l e c t i v i t y  f o r  S r 2 +  a n d  B a 2 +  w i t h  
r e s p e c t  t o  C a 2 '1* w h e r e a s  [ 2 1 1 ]  d i s p l a y e d  a  h i g h  C a 2+ /M g 2 +  s e l e c t i v i t y  a n d  
l i g a n d  [ 3 2 2 ] ,  a  h i g h  B a 2+ / S r 2 +  s e l e c t i v i t y .  I n  a d d i t i o n  t o  t h e  l i g a n d  a n d  
c a t i o n  f e a t u r e s ,  m e d iu m  e f f e c t s  w e r e  s h o w n  t o  p l a y  a  f u n d a m e n t a l  r o l e  o n  
b o t h  t h e  s t a b i l i t i e s  a n d  s e l e c t i v i t i e s  o f  c o m p l e x a t i o n .  T h e  s t a b i l i t y  o f  
a l l  c r y p t a t e s  i n c r e a s e d  m a r k e d l y  f r o m  w a t e r  t o  m e t h a n o l 6 0 . A l s o  t h e  
s e l e c t i v i t y  i n c r e a s e d  f r o m  w a t e r  t o  m e t h a n o l  f a v o u r i n g  t h e  m o s t  s t a b l e  
c o m p l e x e s  w i t h  l a r g e r  c a t i o n s  o v e r  s m a l l e r  o n e s 6 0 . F o l l o w i n g  L e h n  a n d  
S a u v a g e ' s  p u b l i c a t i o n ,  r e p o r t s  b y  i n d e p e n d e n t  w o r k e r s  K a u f f m a n n  e t  a l ^ 2 
a n d  A n d e r e g g " !  13 o n  s t a b i l i t y  c o n s t a n t  m e a s u r e m e n t s  i n  w a t e r  a n d  m e t h a n o l  
s y s t e m s ,  h a v e  b e e n  p r e s e n t e d  i n  t h e  l i t e r a t u r e .
I n  s t u d i e s  o n  a l k a l i - m e t a l  c r y p t a t e s  i n  w a t e r  a n d  m e t h a n o l ,
A n d e r e g g ^ 3 a s  w e l l  a s  S p e i s s  e t  a l ^ 7 , u s e d  t h e  m e t h o d  d e s c r i b e d  b y  L e h n  
a n d  S a u v a g e 6 0 ,  i n v o l v i n g  p r o t o n a t i o n  o f  t h e  c r y p t a n d .  T h e s e  w o r k e r s  f o u n d  
t h a t  s i z e - d e p e n d e n t  r e l a t i o n s h i p s  d i d  n o t  a p p l y  t o  c r y p t a t e  c o m p l e x e s  
f o r m e d  w i t h  t r a n s i t i o n  m e t a l  c a t i o n s  s u c h  a s  A g + ,  P b 2 + ' a n d  H g2 +  ^ 3 1 1 7 .
th e  sequence  o f s t a b i l i t y  c o n s ta n ts  fo llo w in g  t h a t  o f th e  e l e c t r o s t a t i c
F r o m  m u l t i - n u c l e a r  NMR s t u d i e s ,  P o p o v  a n d  c o w o r k e r s 62 r e p o r t e d  
s t a b i l i t y  c o n s t a n t s  o f  t h e  [ C s * 2 2 2 ]  c r y p t a t e 62 i n  d i f f e r e n t  s o l v e n t s ,  a s  
w e l l  a s  f o r  [ L i * 2 2 2 ] 64 i n  m e t h a n o l ,  a n d  [ K * 2 1 1 ]  i n  a c e t o n i t r i l e l 2 2 .
R e s u l t s  o f  s t a b i l i t y  c o n s t a n t s  o b t a i n e d  b y  t h e  d i f f e r e n t  m e t h o d s  s h o w  
g e n e r a l l y  g o o d  a g r e e m e n t .  F o r  m e a s u r e m e n t s  i n  n o n - a q u e o u s  s o l v e n t s  w h e r e  
s t a b i l i t y  c o n s t a n t s  f o r  m e t a l - i o n  c r y p t a t e s  a r e  e x p e c t e d  t o  b e  h i g h  
( l o g  Ks  A  c a  5  m o l~ 1  dm3 ) ,  c o m p e t i t i v e  m e t h o d s  i n v o l v i n g  c o m p l e x  f o r m a t i o n  
w i t h  A g *  6 6 , 1 1 8 , 1 0 8  ancj  T ! +  1 1 9 # h a v e  b e e n  e x t e n s i v e l y  u s e d .  T h e  m a in  
c o n t r i b u t i o n s  i n  t h i s  a r e a  b e i n g  t h a t  o f  C o x ,  S c h n e i d e r  e t
a q 6 6 / 1 1 8 / 1 2 0 / 1 2 1 < w e a v e r  e t  a l ^19 u s i n g  t h e  e l e c t r o c h e m i c a l  m e t h o d  s i m i l a r  
i n  p r i n c i p l e  t o  t h a t  u s e d  b y  C o x  a n d  S c h n e i d e r  b u t  b a s e d  o n  T l * / T l ( H g )  
e l e c t r o d e ,  r e p o r t e d  s t a b i l i t y  c o n s t a n t s  f o r  s e v e r a l  [M * 2 2 2 ]  c r y p t a t e s  i n  
d i m e t h y l s u l p h o x i d e  a s  w e l l  a s  i n  w a t e r  a n d  m e t h a n o l .  A m o n g  t h e  n o n - a q u e o u s  
s o l v e n t s  s t u d i e d  b y  C o x  a n d  S c h n e i d e r ^ 8 i n c l u d i n g  m e t h a n o l ,  e t h a n o l ,  
p r o p y l e n e  c a r b o n a t e ,  d i m e t h y l s u l p h o x i d e ,  a c e t o n i t r i l e ,  N , N - d i m e t h y l -  ■ 
f o r m a m i d e  a n d  N - m e t h y l p r o p i o n a m i d e  s t a b i l i t y  c o n s t a n t s  o f  t h e  a l k a l i  m e t a l  
c r y p t a t e s , - w e r e  m u ch  h i g h e r  i n  a n y  o f  t h e s e  s o l v e n t s  t h a n  i n  w a t e r ,  w i t h  
v a l u e s  q u a l i t a t i v e l y  i n  l i n e  w i t h  t h a t  e x p e c t e d  f r o m  i o n - s o l v e n t  
i n t e r a c t i o n s .  T h e  s t a b i l i t y  c o n s t a n t s  g e n e r a l l y  i n c r e a s e d  i n  t h e  o r d e r  
H2 0  -^ *M e2S 0  -C D M F ^  NMP Z . M eO H -<l P C , A N .
D e s p i t e  l a r g e  v a r i a t i o n s  i n  t h e  s t a b i l i t y  c o n s t a n t s  o f  a l k a l i  m e t a l  
c r y p t a t e s  i n  t h e s e  s o l v e n t s ,  t h e  s e l e c t i v i t y  p a t t e r n  d i s p l a y e d  b y  t h e  
c r y p t a n d s  a s  o b s e r v e d  b y  C o x  a n d  S c h n e i d e r l 1 8 ,  w a s  i n d e p e n d e n t  o f  t h e  
s o l v e n t .  T h e  A g *  c r y p t a t e  c o m p l e x e s  w e r e  f o u n d  t o  b e  m o r e  s t a b l e  t h a n  
t h o s e  o f  a l k a l i  m e t a l  c r y p t a t e s  i n  a l l  s o l v e n t s  e x c e p t  i n  a c e t o n i t r i l e ,  a s  
e x p e c t e d  f r o m  s t r o n g  i n t e r a c t i o n  b e t w e e n  A g *  c a t i o n  a n d  n i t r o g e n  d o n o r  
a t o m s  i n  c r y p t a n d s  [ 2 2 2 ] ,  [ 2 2 1 ]  a n d  [ 2 1 1 ] *  I n  s t u d y i n g  t h e  r o l e  o f  t h e  
d i e l e c t r i c  c o n s t a n t  o f  t h e  r e a c t i o n  m e d iu m  o n  t h e  s t a b i l i t y  o f  t h e  c r y p t a t e  
c o m p l e x e s ,  C o x  a n d  S c h n e i d e r ^ 8 c o m p a r e d  s t a b i l i t y  c o n s t a n t  d a t a  i n
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s o l v e n t s  o f  v e r y  d i f f e r e n t  d i e l e c t r i c  c o n s t a n t s ,  d i m e t h y l f o r m a m i d e
( £ =  3 6 . 7 )  a n d  N - m e t h y l p r o p i o n a m i d e  ( fr. -  1 7 6 )  f o r  a l k a l i - m e t a l  c r y p t a t e s .
I n  t h e  m a j o r i t y  o f  c a s e s  v e r y  s l i g h t  d i f f e r e n c e s  i n  v a l u e s  o f  t h e  s t a b i l i t y
c o n s t a n t s  w e r e  o b s e r v e d , . a n d  t h e s e  w o r k e r s  s u g g e s t e d  t h e  d i e l e c t r i c
c o n s t a n t  o f  t h e  r e a c t i o n  m e d iu m  d o e s  n o t  p l a y  a  m a j o r  r o l e  i n  d e t e r m i n i n g
t h e  s t a b i l i t i e s  o f  t h e s e  c o m p l e x e s .
R e c e n t l y ,  C o x  a n d  G a r c i a - R o s a s 121 r e p o r t e d  t h e  s t a b i l i t y  c o n s t a n t s  o f
t h e  c o m p l e x e s  o f  a l k a l i n e  e a r t h  m e t a l  c a t i o n s  C a 2 + , S r 2 +  a n d  B a 2 +  w i t h
c r y p t a n d s  [ 2 1 1 ] ,  [ 22 1 ] ,  [ 222] ,  [2 22 ] a n d  [2 2 2 ] a s  d e t e r m i n e d  i n
B B B
m e t h a n o l .  M e a s u r e m e n t s  w e r e  d o n e  b y  p o t e n t i o m e t r i c  m e t h o d  a n d  r e s u l t s  
s h o w e d  t h a t  i n  m e t h a n o l  t h e  m o s t  s t a b l e  c o m p l e x e s  w e r e  f o r m e d  b e t w e e n  
c r y p t a n d s  h a v i n g  a  s i m i l a r  c a v i t y  s i z e  t o  t h e  m e t a l  i o n ,  a s  o b s e r v e d  i n  
c o r r e s p o n d i n g  c r y p t a t e  c o m p l e x e s  w i t h  a l k a l i - m e t a l  i o n s 5 0 . H e n c e ,  B a 2 +  a s  
K+ , f o r m s  t h e  m o s t  s t a b l e  c o m p l e x e s  w i t h  [ 2 2 2 ] ,  a n d  C a 2 +  a s  N a + , f o r m s  t h e  
m o s t  s t a b l e  c o m p l e x  w i t h  c r y p t a n d  [ 221 ] .
I n  g e n e r a l ,  v a r i a t i o n s  i n  s t a b i l i t y  o f  a l k a l i n e  e a r t h  m e t a l  c r y p t a t e s  
w e r e  l a r g e r '  t h a n  t h o s e  o f  t h e  c o r r e s p o n d i n g  a l k a l i - m e t a l  c r y p t a t e s 5 0 '  33 
c o n t a i n i n g  s i m i l a r  s i z e  m e t a l  c a t i o n s .  A l s o  a  s t r o n g e r  r e d u c t i o n  i n  t h e  
s t a b i l i t y  o f  [ 2^ 22 ] a n d  [ 2 ^ 2 ^ 2 ]  r e l a t i v e  t o  t h o s e  o f  [ 222 ] c o m p l e x e s  w e r e
o b s e r v e d  f o r  M2 +  c a t i o n s ,  t h a n  f o r  M+  c a t i o n s .
F r o m  a  p l o t  o f  s t a b i l i t y  c o n s t a n t s  e x p r e s s e d  a s  l o g  K s  i n  w a t e r  v e r s u s  
c o r r e s p o n d i n g  v a l u e s  i n  m e t h a n o l ,  t h e s e  a u t h o r s 121 o b t a i n e d  a  s t r a i g h t  l i n e  
o f  a p p r o x i m a t e  u n i t  s l o p e .  U s i n g  t h e  r e l a t i o n s h i p
A G ° [M 2 + ] -  A g ° [ M 2+ L ] - A g ° [ L ]  ( 1 . 3 )
l o g  K g (M eOH) =  l o g  K g ( H20 )  +  ------------------ ------------------------------------
2 . 3 0 3  RT 2 . 3 0 3  RT
°  04. °
a n d  a s s u m i n g  t h a t  A G t [Mz 'rL ] -  A G t [L ] 0 ^ 0 ,  t h e y  o b t a i n e d  a  v a l u e  f o r  t h e  
o
A G t [M2 + ] f r o m  w a t e r  t o  m e t h a n o l  w h i c h  a p p e a r s  t o  b e  i n  a g r e e m e n t  w i t h  t h e  
v a l u e  r e p o r t e d  i n  t h e  l i t e r a t u r e  b y  P a r k e r 124 f o r  t h e  A G -j-[B a2 + ] .
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M o r e  r e c e n t l y ,  C o x  a n d  S c h n e i d e r 120 r e p o r t e d  t h e  s t a b i l i t y  c o n s t a n t s
o f  a l k a l i n e  e a r t h  c r y p t a t e s  w i t h  [ 2 1 1 ] ,  [2 2 1 ] ,  [22 2 ] ,  [2 2 2 ] a n d  [ 2 2 2 ] i n
B B B
d i f f e r e n t  s o l v e n t s  i n c l u d i n g  DMF, M e2 SO  a n d  P C . T h e i r  r e s u l t s  s h o w e d  t h a t  
i n d e p e n d e n t  o f  t h e  s o l v e n t ,  t h e  s t a b i l i t i e s  o f  c r y p t a t e s  d e p e n d e d  o n  t h e  
r e l a t i v e  s i z e  o f  t h e  c a t i o n s  a n d  l i g a n d  c a v i t y ,  w i t h  t h e  m o s t  s t a b l e  
c o m p l e x e s  f o r  c r y p t a n d  2 2 1 ,  a n d  c r y p t a n d  2 2 2  f o r m e d  w i t h  S r 2 +  a n d  B a 2 + ; 
r e s p e c t i v e l y .  I n  a l l  c a s e s  t h e  s t a b i l i t y  c o n s t a n t s  f o r  a l k a l i n e  e a r t h  
m e t a l  c r y p t a t e s  w e r e  o b s e r v e d  t o  i n c r e a s e  i n  t h e  o r d e r ,
M e2 SO Z -  DMF c r  H2 O J  MeOH Z , P C .
I n  c o m p a r i n g  t h e  s t a b i l i t y  c o n s t a n t  d a t a  f o r  a l k a l i n e  e a r t h  m e t a l  
c r y p t a t e s 1 2 0 , a n d  c o r r e s p o n d i n g  c r y p t a t e  c o m p l e x e s  w i t h  P b 2 + ,  C d2 + , C u 2 + ,  
Z n 2 +  a s  w e l l  a s  H g 2 +  i n  t h e  c o r r e s p o n d i n g  s o l v e n t s ^ 2 6 ,  s i z e  d e p e n d e n t  
r e l a t i o n s h i p s  w e r e  f o u n d  n o t  t o  h o l d  e s p e c i a l l y  i n  t h e  c a s e  o f  t h e  C u 2 + ,  
P b 2 +  a n d  H g 2 +  c a t i o n s , w h i c h  c a n  i n t e r a c t  s t r o n g l y  w i t h  n i t r o g e n 126' 113 
a t o m s  o f  t h e s e  m a c r o b i c y c l i c  l i g a n d s .
1 *9 EXTRACTION OF CA TIO NS
R e s e a r c h  i n t o  t h e  u s e  o f  n a t u r a l  a n d  s y n t h e t i c  m a c r o c y c l i c  c o m p o u n d s  
a s  e x t r a c t i n g  a g e n t s  f o r  m e t a l  c a t i o n s  h a s  b e e n  p e r f o r m e d  o v e r  t h e  y e a r s .  
E is e n r a a n  e t  a l 1 4 6 ,  "147 r e p o r t e d  t h e  s e l e c t i v i t y  f o u n d  i n  t h e  e x t r a c t i o n  o f  
p o t a s s i u m  a n d  a m m o n iu m  p i c r a t e s  i n  t h e  w a t e r - d i c h l o r o e t h a n e  s o l v e n t  s y s t e m  
u s i n g  a s  e x t r a c t a n t s ,  n a t u r a l  m a c r o c y c l i c  c o m p o u n d s  s u c h  a s  n o n a c t i n ,  
m o n a c t i n ,  d i n a c t i n  a n d  t r i n a c t i n .  W i t h  t h e  l a t t e r ,  t h e  l a r g e s t  v a l u e s  f o r  
t h e  e x t r a c t i o n  c o n s t a n t s  w e r e  f o u n d .  T h e  s e l e c t i v i t y  s h o w n  b y  t h i s  l i g a n d  
t o w a r d s  t h e  NH4 +  c a t i o n  w a s  o f  t h e  o r d e r  o f  1 0  a n d  1 0 3 w i t h  r e s p e c t  t o  t h a t  
f o u n d  f o r  K+  a n d  N a +  c a t i o n s ;  r e s p e c t i v e l y .  A l s o  t h e  s e l e c t i v i t y  f o r  K+  
w a s  g r e a t e r  b y  a  f a c t o r  o f  1 0 0  a n d  5 0  t h a n  t h a t  o b s e r v e d  f o r  N a +  a n d  R b +  
c a t i o n s ;  r e s p e c t i v e l y .
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c r o w n  e t h e r s  f o r  a  p r o c e s s  d e s c r i b e d  b y
M * ( a q )  +  X ~ ( a q )  +  L  ( o r g ) — » [M+L X “ ] ( o r g )  ( 1 . 4 )
In eqn. (1.4) M*, X”, L, M*LX“, are the notation used to indicate
c a t i o n ,  a n i o n ,  l i g a n d  a n d  i o n  p a i r  c o m p l e x ;  r e s p e c t i v e l y .
T h e  e x t r a c t i o n  c o n s t a n t  f o r  p r o c e s s  g i v e n  b y
K e x t  -  [ M * L X ~ ] ( o r g )  (1.5)
~  [M+ ] ( a q )  [ X - ]  ( a q )  [L ] ( o r g )
w a s  c o n s i d e r e d  i n  t e r m s  o f  t h e  f o l l o w i n g  e q u i l i b r i a :
a )  T h e  p a r t i t i o n  o f  t h e  l i g a n d  ( L ) b e t w e e n  t h e  o r g a n i c  s o l v e n t  a n d  w a t e r
L ( a q ) — j > L ( o r g )  ( 1 . 6 )
f o r  w h i c h
P  ,  t L H O r g )  ( 1 . 7 )
" [L] (aq)
b )  T h e  p a r t i t i o n  f o r  t h e  p r o c e s s
M * L ( a q )  +  X ^ a q ) —*  M * L X ~ ( o r g )  ( 1 . 8 )
f o r  w h i c h
p  _  [M *LX” ] ( o r g )  ( 1 > Q )
C ~  [M'tyj] ( a q )  [X “ ] ( a q )
a n d  c )  T h e  c o m p l e x a t i o n  r e a c t i o n  f o r
M * ( a q )  +  L ( a q ) — ^ M * L ( a q )  ( 1 . 1 0 )
f o r  w h i c h  Ks  _ [ M * L ] ( a q )  ( 1 . 1 1 )
~  [MT 3 ( a q )  [ L]  ( a q )
C o n s e q u e n t l y ,  t h e  e q u i l i b r i a  r e p r e s e n t e d  b y  ( 1 . 5 )  c a n  b e  w r i t t e n  a s
-  Ks X PC ( 1 . 12)
P
L
F r e n s d o r f f 145 an £ P e d e rso n 144 s tu d ie d  th e  e x t r a c t i o n  o f c a t io n s  by-
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T h e  s a m e  a u t h o r s 1 4 4  s t u d i e d  a n d  r e p o r t e d  o n  t h e  e x t r a c t i o n  o f  p o t a s s ­
iu m  p i c r a t e  f r o m  w a t e r  t o  t h e  o r g a n i c  p h a s e  ( m e t h y l e n e  c h l o r i d e ,  n - h e x a n e ) ,  
b y  c r o w n  e t h e r s  ( d i c y c l o h e x y l - 1 8 - c r o w n - 6  a n d  d i b e n z o - 1 8 - c r o w n - 6 ) .
D i b e n z o - 1 8 - c r o w n - 6  w a s  a l s o  u s e d  b y  D a n e s i  e t  a l 148 t o  s t u d y  t h e  e x t r a c t i o n  
o f  a l k a l i  p i c r a t e s  i n  n i t r o b e n z e n e  a n d  n i t r o b e n z e n e / t o l u e n e  m i x t u r e s .  U s e  
o f  e x t r a c t i o n  a n a l y s i s  f o r  t h e  d e t e r m i n a t i o n  o f  p o t a s s i u m  i n  b l o o d  s e r u m  b y  
S u m i y o s h i  a n d  N a k a h a r i a 1 4 9  h a s  b e e n  d e s c r i b e d .  I n  t h e i r  s t u d y ,  1 8 - c r o w n - 6  
w a s  u s e d  t o  s e l e c t i v e l y  c o m p l e x  K * a n d  t h e  i o n - p a i r  f o r m e d  w i t h  b r o m o c r e s o l  
g r e e n  e x t r a c t e d  i n t o  b e n z e n e .  U s i n g  p o l y v i n y l  c r o w n  e t h e r s ,  S m id  e t  a l 1 6 4  
r e p o r t e d  o n  e x t r a c t i o n  o f  a l k a l i  i o n s  a s  p i c r a t e s  a n d  f o u n d  t h a t  w h e n  
c o m p a r e d  t o  e x t r a c t i o n  w i t h  m o n o m e r s ,  v a l u e s  o f  e x t r a c t i o n  c o n s t a n t s  i n t o  
m e t h y l e n e  c h l o r i d e  w e r e  a p p r o x i m a t e l y  d o u b l e .
A c c o r d i n g  t o  J i m e n e z  R e y e s  a n d  c o w o r k e r s 1 4 0 ,  t h e y  i n v e s t i g a t e d  s o l v e n t
e x t r a c t i o n  o f  i o n  p a i r  c o m p l e x e s  o f  s e v e r a l  c r y p t a n d s ,  ( [ 2 1 1 ] ,  [2 2 1 ] ,
[ 2 2 2 ] ,  [2 2 2 ]  a n d  [ 2 2 ] )  w i t h  m e t a l  c a t i o n s  ( N a + ,  K+  a n d  C s + ) ,  i n t o  
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c h l o r o f o r m , -  c y c l o h e x a n o n e ,  b e n z e n e ,  n i t r o m e t h a n e  a n d  n i t r o b e n z e n e .  T h e  
e f f e c t  o f  l i g a n d  c o n c e n t r a t i o n  o n  t h e  e x t r a c t i o n  o f  N a + ,  K+  a n d  C s +  c a t i o n s  
i n t o  n i t r o b e n z e n e  w a s  s t u d i e d  u s i n g  c r y p t a n d  2 2 2 .  R e s u l t s  s h o w e d  t h a t  
w h e r e a s  N a +  a n d  K+  c o u l d  b e  e x t r a c t e d  i n t o  t h e  o r g a n i c  p h a s e  w i t h  t h e  
l i g a n d  a t  a  s i m i l a r  c o n c e n t r a t i o n  t o  t h a t  o f  c a t i o n  p r e s e n t ,  t h e  e x t r a c t i o n  
o f  C s *  r e q u i r e d  c o n s i d e r a b l y  l a r g e r  c o n c e n t r a t i o n s  o f  t h i s  l i g a n d .  
S i m i l a r l y ,  c r y p t a n d  2 2 1  w a s  f o u n d  s u i t a b l e  f o r  t h e  e x t r a c t i o n  o f  N a + , K+  
a n d  C s +  i o n s .  F o r  c r y p t a n d  2 1 1  t h e  d e c r e a s e  i n  s t a b i l i t y  c o n s t a n t s  o f  
m e t a l  c r y p t a t e s  r e s u l t e d  i n  t h e  l o w e r  e x t r a c t i o n  o f  t h e s e  m e t a l  i o n s  i n t o  
n i t r o b e n z e n e .  W i t h  c r y p t a n d  2 2 ,  n o  e x t r a c t i o n  f o r  t h e s e  i o n s  w a s  o b s e r v e d .  
G e n e r a l l y ,  t h e  c r y p t a n d s  s h o w e d  e x t r a c t i o n  a b i l i t i e s  f o r  m e t a l  c a t i o n s  i n  
l i n e  w i t h  t h a t  e x p e c t e d  f r o m  t h e  s t a b i l i t y  c o n s t a n t s  o f  c o r r e s p o n d i n g  m e t a l  
c r y p t a t e s .  I n  t h e i r  c o n c l u s i o n s ,  t h e s e  a u t h o r s  s t a t e  t h a t  c r y p t a n d s ,  [ 2 2 2 ] a n
[ 2 2 1 ]  a r e  s u i t a b l e  f o r  e x t r a c t i o n  o f  a l k a l i  m e t a l  c a t i o n s  N a + ,  K +  a n d  C s *  
u s i n g  n i t r o b e n z e n e  a s  t h e  s o l v e n t .  A l s o ,  t h e y  r e c o m m e n d  [ 2 2 2 ] / n i t r o b e n z e n e  
a n d  [ 2 2 1 ] / n i t r o b e n z e n e  f o r  t h e  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  N a +  a n d  K+  b y  
a  s u b s t o i c h i o m e t r i c  m e t h o d .  A b r a h a m  a n d  D a n i l  d e  N a m o r 128 s t u d i e d  t h e  
e f f e c t  o f  c r y p t a n d  [ 222 ] o n  t h e  h y p o t h e t i c a l  p a r t i t i o n  o f  i o n s  f o r  t h e  
w a t e r / m e t h a n o l  s y s t e m .  T h e s e  w o r k e r s  e v a l u a t e d  t h e  p a r t i t i o n  c o e f f i c i e n t s  
K-] ,  K 2 a n d  K3 f o r  t h e  h y p o t h e t i c a l  e x t r a c t i o n  p r o c e s s e s  g i v e n
K1
M+ ( a q ) — *M+ (M eO H) ( 1 . 1 3 )
k 2
M+ ( a q )  +  2 2 2 ( a q )  > [M+ 2 2 2 ]  (M eO H) ( 1 . 1 4 )
k 3
M+ ( a q )  +  2 2 2 (M eO H )— > [M+ 2 2 2 ] ( M e O H )  ( 1 . 1 5 )
K2 a n d  K3 w e r e  b o t h  l a r g e r  t h a n  K<j o w i n g  t o  e x t r a c t i o n  o f  m e t a l  c a t i o n s  b y
c r y p t a n d  2 2 2  i n t o  t h e  n o n  a q u e o u s  p h a s e .  A c h a n g e  i n  t h e  c a t i o n
s e l e c t i v i t y  d u e  t o  t h e  p r e s e n c e  o f  c r y p t a n d  222 w a s  a l s o  o b s e r v e d  f o r  t h e
alkali metal cations, with the greatest change in selectivity for K+/Li+
i o n s .  T h i s  ' " s e l e c t i v i t y  i n  t r a n s p o r t  f r o m  w a t e r  t o  t h e  n o n - a q u e o u s  s o l v e n t
w a s  f o u n d  t o  b e  a  r e s u l t  o f  t w o  f a c t o r s  a )  t h e  s e l e c t i v i t y  i n  f o r m a t i o n  o f
c o m p l e x e s  i n  w a t e r  a n d  b )  t h e  s e l e c t i v i t y  i n  t r a n s f e r  o f  t h e s e  c o m p l e x e s
o  o  o
f r o m  w a t e r  t o  t h e  n o n a q u e o u s  p h a s e .  AG ,  AH a n d  AS v a l u e s  f o r  e x t r a c t i o n  
p r o c e s s e s  ( 1 . 1 4 )  a n d  ( 1 . 1 5 ) ,  w e r e  e v a l u a t e d .  P r o c e s s  ( 1 . 1 4 )  w a s  
e n t r o p i c a l l y  f a v o u r a b l e  f o r  a l l  i o n s ,  i n  c o n t r a s t  t o  p r o c e s s  ( 1 . 1 3 )  w h i c h  i s  
e n t r o p i c a l l y  u n f a v o u r a b l e  f o r  s i m p l e  a l k a l i - m e t a l  c a t i o n s .
T h e  e n t h a l p y  t e r m  w a s  f o u n d  t o  b e  d o m i n a n t  i n  e x t r a c t i o n  p r o c e s s  
( 1 . 1 4 ) .  F o r  e x a m p l e ,  t h e  e x t r a c t i o n  o f  K+  o v e r  N a +  b y  p r o c e s s  ( 1 . 1 4 )  i s  
m o r e  f a v o u r a b l e  b y  a b o u t ’ 6 K c a l  m o l " 1 i n  t e r m s  o f  e n t h a l p y .  T h e  e f f e c t  o f  
t h e  a n i o n  o n  t h e  e x t r a c t i o n  o f  c a t i o n s  f o r  t h e  w a t e r / m e t h a n o l  s y s t e m  h a s  
b e e n  d i s c u s s e d  b y  D a n i l  d e  N a m o r 1 3 5 ' 1 3 3 .  W ork b y  C o x  a n d  S c h n e i d e r 118 a l s o  
s h o w s  t h a t  s e l e c t i v e  e x t r a c t i o n  r e s u l t s  f r o m  s e l e c t i v e  c o m p l e x  f o r m a t i o n  i n
44
45
w a t e r ,  a s  w e l l  a s  s e l e c t i v i t y  i n  t r a n s f e r  o f  c r y p t a t e  b e t w e e n  w a t e r  a n d  n o n -  
a q u e o u s  s o l v e n t s .  F o r  [M+ 2 2 2 ]  c r y p t a t e s ,  t h e  l a t t e r  t e r r a  w a s  s h o w n  t o  
r e s u l t  i n  a  f a c t o r  o f ^ 1 0  f o r  e x t r a c t i o n  o f  K+  s a l t s  r e l a t i v e  t o  N a +  a n d  
R b + s a l t s ,  a n d  a / 1 0 2 -  1 0 3 r e l a t i v e  t o  L i +  a n d  C s +  s a l t s  f r o m  w a t e r  i n t o  n o n -  
a q u e o u s  s o l v e n t s .
U s i n g  f r e e  e n e r g i e s  o f  t r a n s f e r  o f  v a r i o u s  [K+ 2 2 2 ] X ~  s a l t s  w h e r e  
X“  =  OAc “ , C l ” ,  B r “ ,  I ” , C N S” , C IO 4"", P i c ”  a n d  P h 4B - ,  t h e s e  a u t h o r s  s h o w e d  
t h a t  t h e  e x t r a c t i o n  o f  m e t a l  s a l t s  f r o m  w a t e r  i n t o  n o n - a q u e o u s  m e d i a ,  i s  
s t r o n g l y  d e p e n d e n t  o n  t h e  a n i o n  X“ . T h e s e  a u t h o r s  c o n c l u d e  t h a t  f o r  
e f f e c t i v e  e x t r a c t i o n  o f  c h l o r i d e  s a l t ,  l i g a n d s  s u c h  a s  d i b e n z o  222
c r y p t a n d s ;  [2 2 2 ] s h o u l d  b e  u s e d  i n s t e a d  o f  c r y p t a n d  2 2 2 .
B B
B l a s i u s  a n d  c o w o r k e r s  ^38/4 ^39 p r e p a r e d  a  n u m b e r  o f  p o l y m e r i c  m a c r o -  
c y c l i c  r e s i n s  w i t h  c r o w n  e t h e r s ,  a n d  c r y p t a n d s  a s  a n c h o r  g r o u p s .  T h e y  w e r e  
o b t a i n e d  b y  c o n d e n s a t i o n ,  s u b s t i t i o n  o r  c o p o l y m e r i s a t i o n  r e a c t i o n s  w i t h  
a p p r o p r i a t e  m a c r o c y c l i c  l i g a n d s  o f  d i f f e r e n t  s t r u c t u r e  a n d  r i n g  s i z e .
T h e s e  p o l y m e r s  h a v e  b e e n  u s e d  i n  c h r o m a t o g r a p h y  f o r  t h e  s e p a r a t i o n  o f  a  
n u m b e r  o f  e l e c t r o l y t e s  a n d  o r g a n i c  m o l e c u l e s .  P o l y m e r s  c o n t a i n i n g  
m a c r o c y c l i c  l i g a n d s  a s  a n c h o r  g r o u p s  h a v e  a  n u m b e r  o f  a d v a n t a g e s  o v e r  
c o m m e r c i a l l y  a v a i l a b l e  r e s i n s .  A m o n g  t h e m , a )  a  h i g h  r e s i s t a n c e  t o  
c h e m i c a l s ,  t e m p e r a t u r e  a n d  h y d r o l y s i s .  R e s i n s  w i t h  c r y p t a n d s  a s  a n c h o r  
g r o u p s  a r e  p r o t o n a t e d  o n  t h e i r  n i t r o g e n  a t o m s  a t  pH l o w e r  t h a n  2 .  b )  a s  
t h e  a n c h o r  g r o u p  a r e  n e u t r a l  l i g a n d s ,  c a t i o n s  a n d  a n i o n s  a r e  s i m u l t a n e o u s l y  
t a k e n  u p .  c )  t h e o r e t i c a l  c a p a c i t i e s  o f  t h e s e  r e s i n s  a s  c a l c u l a t e d  b y  
m i c r o a n a l y s i s  s e e m  t o  b e  l a r g e  a n d  o f  t h e  s a m e  o r d e r  o f  t h a t  o f  a n i o n i c  a n d  
c a t i o n i c  e x c h a n g e r s .  R e c e n t l y , D a n i l  d e  N a m o r 168 a n d  S i g s t a d  h a v e  s t u d i e d  
t h e  e x t r a c t i o n  o f  o r g a n i c  m o l e c u l e s  a n d  1:1  e l e c t r o l y t e s  f r o m  w a t e r  a n d  
f r o m  DMF b y  u s i n g  r e s i n s  c o n t a i n i n g  d i b e n z o - 1 8 - c r o w n - 6  a s  a n c h o r  g r o u p s .
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F u r t h e r  w o r k  o n  t h e  e x t r a c t i o n  o f  c a t i o n s  b y  m a c r o c y c l i c  l i g a n d s  
i n v o l v e d  t h o s e  b y  M i t c h e l l  a n d  S h a n k s 1 6 7 ,  K im u r a  e t  a l 1 6 8 , Y o s h i o  e t  a l 1 6 8 , 
T a k a g i  e t  a l 1? 0 ,  M a r c u s  a n d  A s h e r 2 3 , a s  w e l l  a s  S m u le k  a n d  L a d a 1 ? 1 .
1 . 1 0  THERMODYNAMIC DATA FOR COMPLEX FORMATION BY M ACROBICYCLIC CRYPTANDS
1 *1 0 *1 F r e e  e n e r g i e s  o f  c o m p l e x a t i o n
N u m e r o u s  s t u d i e s  o n  e q u i l i b r i a  o f  c o m p l e x  f o r m a t i o n  h a v e  b e e n  r e p o r t e d
i n  v a r i o u s  s o l v e n t s 5 0 ' 1 1 8 . T h e  s t a b i l i t y  o f  a  c o m p l e x  i n  t e r m s  o f  t h e  f r e e
o
e n e r g y  o f  c o m p l e x i n g ,  A G C c a n  b e  o b t a i n e d  f r o m  t h e  p r e c i s e  m e a s u r e m e n t  o f  
t h e  s t a b i l i t y  c o n s t a n t  b y
o
AG C =  -R T  I n  Ks  ( 1 . 1 6 )
o
L i t e r a t u r e  v a l u e s  o f  t h e  f r e e  e n e r g y  o f  c o m p l e x i n g  ( AGC ) f o r  a  n u m b e r  o f  
m a c r o b i c y c l i c  l i g a n d s  w i t h  m e t a l  i o n s  i n  t h e  v a r i o u s  s o l v e n t s  a r e  g i v e n  i n  
t a b l e s  1 . 9 - 1 . 1 1 .
F r e e  e n e r g i e s  o f  c o m p l e x i n g  c a l c u l a t e d  f r o m  s t a b i l i t y  c o n s t a n t s  o f  
m e t a l - i o n  c r y p t a t e s ,  [M+ 2 2 2 ]  i n  DMF, M e2S O , PC a n d  AN r e p o r t e d  i n  t h e  
l i t e r a t u r e  a r e  g i v e n  i n  t a b l e  3 . 7 8  ( s e c t i o n  3 . 2 . 5  o f  t h i s  t h e s i s ) .
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T a b le  1 .9  L i t e r a t u r e  d a ta  f o r  f r e e  e n e rg ie s  o f  com plex ing  (K cal m ol” 1 )
o f  c ry p ta n d s  w ith  m e ta l c a t io n s  i n  w a te r  a t  298 K
o
AGC
a
c a t i o n  [ 2 1 1 ] [2 2 1 ] [ 222 ] [ 3 2 2 ]
,  e
L i *  - 7 . 5  - 3 . 4  - 1 . 3 4
N a *  - 4 . 5  - 7 . 2  - 5 . 4 2 °
+ b e
K *  - 5 . 4  - 7 . 6  - 7 . 4 5  - 3 . 0
. c
R b *  - 3 . 4 5  - 5 . 7 8  - 2 . 8
C s *  - 3 . 4  - 2 . 4 5
b  b  d
A g *  - 1 5 . 2  - 1 6 . 1  - 1 3 . 1
b e
T l *  - 8 . 8 4  - 8 . 7 3
C a 2 *  '* - 9 . 5  - 6 . 0
S r 2 *  - 1 0 . 0  - 1 0 . 9
B a 2 *  - 8. 6  - 1 2 . 9
a  R e f . 1 1 2  
b  R e f .  1 2 6  
c  R e f .  1 2 8  
d  R e f .  1 1 3  
e  R e f .  1 1 8
T a b le  1 .10  L i t e r a t u r e  d a ta  f o r  f r e e  e n e rg ie s  o f  com plex ing  (K cal mol'
o f  c ry p ta n d s  w ith  m e ta l c a t io n s  i n  m ethano l a t  298 K
o
AGC
c a t i o n
a
[222 ] [2 22 ] °
Jd
L i * - 3 . 5 5 - 2 . 9 9
N a * - 1 0 . 8 3 - 1 0 . 2 3
K* - 1 4 . 4 6 - 1 2 . 5 7
R b * - 1 2 . 2 5 - 9 . 8 0
C s * - 6.00 - 4 . 0 6
A g *
b
- 1 6 . 7 0
o
A G C v a l u e s f o r  c r y p t a n d  [ 2 1 1 ] a n d  [ 22 2 ] w i t h
a  R e f .  1 2 8
a n d  - 2 0  K c a l  m o l” 1 ,  r e s p e c t i v e l y
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T a b le  1.11 L i t e r a t u r e  d a ta  f o r  f r e e  e n e rg ie s  o f  com plexing  (K cal mol” 1 )
o f  c ry p ta n d  [222] w i th  m e ta l c a t io n s  i n  d i f f e r e n t  s o lv e n t s  a t
298 K
o a 
AGC
c a t i o n  DMF M e2 SO PC • AN HMPT
K+  - 1 0 . 8  - 9 . 4  - 1 5 . 1  - 1 4 . 6
A g +  - 1 3 . 7  - 9 . 8  - 2 2 . 6  - 1 2 . 2  - 8.6
T l +  - 1 0 . 5  - 8 . 5  - 1 6 . 3  -  - 7 . 3
a  R e f .  1 2 6  (H M PT, h e x a m e t h y l p h o s p h o r t r i a m i d e )
1 . 1 0 . 2  E n t h a l p i e s  o f  c o m p l e x i n g  o f  m e t a l  i o n s  a n d  c r y p t a n d s  i n  w a t e r  a n d  
n o n - a q u e o u s  s o l v e n t s
H e a t s  o f  c o m p l e x i n g  o f  m e t a l  i o n s  a n d  m a c r o c y c l i c  l i g a n d s  c a n  b e  m e a s u r e d
c a l o r i m e t r i c a l l y  o r  c a n  b e  o b t a i n e d  f r o m  t h e  t e m p e r a t u r e  c o e f f i c i e n t  o f  t h e
s t a b i l i t y  c o n s t a n t .  U n d o u b t e d l y  t h e  f o r m e r  m e t h o d  i s  m o r e  r e l i a b l e  t h a n
t h e  l a t t e r ,  a n d  w h e r e v e r  p o s s i b l e  t h e  c a l o r i m e t r i o  m e t h o d  s h o u l d  b e  c h o s e n .
o
D e s p i t e  t h e  i m p o r t a n c e  o f  t h e  e n t h a l p y  t e r m ,  A H C f o r  c o m p l e x a t i o n  d a t a  i n  
t h e  l i t e r a t u r e  i s  v e r y  s c a r c e .
o
T h e  m o s t  c o m p r e h e n s i v e  s e t  o f  l i t e r a t u r e  AHC d a t a  i s  i n  w a t e r  w i t h ,
o
AH C v a l u e s  a v a i l a b l e  f o r  c o m p l e x a t i o n  o f  m a c r o b i c y c l i c  l i g a n d s  [ 2 1 1 ] ,
[ 2 2 1 ]  ,  [ 2 2 2 ]  a n d  [ 3 2 2 ]  w i t h  m e t a l  c a t i o n s  L i + ,  N a + ,  K + , R b + , C s + , A g +  a n d  
T l + .
K a u f f m a n n  e t  a l 112 o b t a i n e d  f r o m  c a l o r i m e t r i o  m e a s u r e m e n t s ,  e n t h a l p i e s  
o f  c o m p l e x a t i o n  o f  a  n u m b e r  o f  m e t a l  c a t i o n s  i n c l u d i n g  L i + ,  N a + ,  K + , R b + ,
C a 2 + , B a 2 + , a n d  S r 2 +  w i t h  a  n u m b e r  o f  d i f f e r e n t  m a c r o b i c y c l i c  l i g a n d s  i n
w a t e r  a n d  s i m i l a r l y  f o r  t h e s e  c a t i o n s  w i t h  c r y p t a n d  222 i n  m e t h a n o l - w a t e r
( 9 5 : 5 ) .  T h e  e n t h a l p i e s  o f  c o m p l e x a t i o n  f o r  a l k a l i - m e t a l  c a t i o n s  w e r e  l a r g e
a n d  s h o w e d  t r e n d s  s i m i l a r  t o  t h a t  o f  s t a b i l i t y  c o n s t a n t s .
C o m p a r i s o n  o f  K+  c o m p l e x e s  o f  c r y p t a n d  2 2 2  a n d  d i b e n z o - 1 8 - c r o w n - 6  b y
K a u f f m a n n  e t  a l 1 1 2 ,  l e d  t o  t h e i r  s u g g e s t i o n  t h a t  t h e  c r y p t a t e  e f f e c t  w a s
e n t h a l p i c  i n  o r i g i n ,  A n d e r e g g 113  a l s o  r e p o r t e d  c a l o r i m e t r i c  m e a s u r e m e n t s  
o
f o r  AH C o f  a l k a l i  m e t a l  c a t i o n s  b y  c r y p t a n d  2 2 2 ,  i n  g o o d  a g r e e m e n t  w i t h  
c o r r e s p o n d i n g  v a l u e s  r e p o r t e d  b y  K a u f f m a n n  e t  a l 1 1 2 .
A l s o  u s i n g  t h e  c a l o r i m e t r i c  m e t h o d ,  A b r a h a m  a n d  N a m o r 1 16/128  o b t a i n e d
o
AHC d a t a  f o r  c o m p l e x a t i o n  o f  a l k a l i  m e t a l  c a t i o n s  L i + ,  N a + , K+ , R b'1' a n d  C s +
o
b y  c r y p t a n d  [ 2 2 2 ]  i n  w a t e r  a n d  a l s o  i n  m e t h a n o l .  T h e i r  AHC m e a s u r e m e n t s
s h o w e d  a n  e x o t h e r m i c  m a x im u m  f o r  R b +  i n  b o t h  w a t e r  a n d  m e t h a n o l ,  w i t h  t h e
v a l u e  f o r  K+  b e i n g  j u s t  b e l o w  t h i s  e x o t h e r m i c  m a x im u m .
o
I n  t h e  c a s e  o f  m e t h a n o l ,  t h e  o n l y  p r e v i o u s  AHC d a t a  a v a i l a b l e  f o r
c r y p t a n d  2 2 2  w a s  t h a t  w i t h  A g +  r e p o r t e d  b y  S c h n e i d e r  e t  a l ^ 2 6 . T h e s e
w o r k e r s 126 ' a l s o  r e p o r t e d  AHC d a t a  f o r  c o m p l e x a t i o n  o f  K+ , A g +  a n d  T l +  b y
m a c r o b i c y c l i c  l i g a n d s  [ 2 1 1 ] ,  [ 2 2 1 ] ,  [ 2 2 2 ]  i n  o t h e r  s o l v e n t s  i n c l u d i n g  DMF,
o
M e2S O , PC a n d  A N . I t  i s  i m p o r t a n t  t o  m e n t i o n  h e r e  t h a t  t h e  AHc  d a t a
p r e s e n t e d  b y  t h e s e  w o r k e r s  w e r e  o b t a i n e d  f r o m  m e a s u r e m e n t s  o f  t h e  s t a b i l i t y
o
c o n s t a n t s  o f  c a t i o n s  a n d  c r y p t a n d s  a s  a  f u n c t i o n  o f  t e m p e r a t u r e .  T h e  A H C 
d a t a  a v a i l a b l e  i n  t h e  l i t e r a t u r e  f o r  c o m p l e x a t i o n  o f  m a c r o b i c y c l i c  l i g a n d s ,  
[ 2 1 1 ] ,  [ 2 2 1 ] ,  [ 2 2 2 ] ,  [ 3 2 2 ]  w i t h  a l k a l i - m e t a l  c a t i o n s  a s  w e l l  a s  A g +  a r e
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g iven  in  t a b l e  1 .1 2 .
51
T a b le  1 .12 L i t e r a t u r e  d a ta  f o r  e n th a lp ie s  o f  co m p lex a tio n  (K cal m ol"1 )
o f  c ry p ta n d s  w ith  m e ta l c a t io n s  in  w a te r  a t  298 K
oAHC
c a t i o n
a
[ 2 1 1 ] [ 22 1 ] 3
a
[222 ] [ 3 2 2 ]  *
L i * - 5 . 1 0
d
- 1 . 4 0
N a * - 5 . 4 0 - 5 . 3 5 - 7 . 4
c
- 7 . 4
d
- 7 . 6 2 _
K* - - 6 . 8 0 - 1 1 . 4
c
- 11.0
d
- 1 1 . 5 6 _
Rb* - - 5 . 4 0 - 1 1. 8 c- 11 . 8 d- 1 1 . 7 7 _
cs* - _ b- 5 . 1 9 _
A g *
b
- 1 7 . 1
b
- 12.2
b
- 1 2 . 8 1
T I * - -
b
- 1 3 . 1 9 _
C a 2 * - 0.1 - 2 . 9 - 0.2
c
- 0.2 +  0 . 1 6
S r 2 * - 6.1 - 1 0 . 3
c
- 10.6 - 3 . 3
B a 2 * - 6 . 3 - 1 4 . 1
c
- 1 4 . 3 - 6.2
a  R e f .  1 1 2  
b  R e f .  1 2 6  
c  R e f .  1 1 3  
d  R e f .  1 2 8
c r y p t a n d  [ 222 ] w i t h  m e t a l  c a t i o n s  i n  d i f f e r e n t  s o l v e n t s  a t  
2 9 8  K
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T a b le  1 .13 L i t e r a t u r e  d a ta  f o r  e n th a lp ie s  o f com plexing  (K cal mol*"1 ) o f
A H C
a  b  b  b  b
c a t i o n  MeOH DMF M e2 SO PC AN
L i +  0 . 1 7
N a +  - 1 0 . 6 7
K+  - 1 7 . 0 4  - 1 2 . 6 7  - 1 4 . 5 3  - 1 6 . 5 4  - 1 7 . 7 1
Rb +  - 1 7 . 8 9
C s +  - 1 1 . 9 3
+ bA g  - 2 0 . 5  - 1 3 . 4 8  - 1 1 . 4 2  - 2 3 . 7 8  - 1 3 . 0 3
T l +  -  - 1 5 . 8 0
o
a  R e f .  1 2 8 .  T h e  A H c  v a l u e s  f o r  [N a + 2  2 2 ] ,  [K+ 2  2 2 ] ,  [R b + 2 „ 2 2 ]  a n d
B B B
[ C s + 2  2 2 ]  a r e  - 9 . 4 9 ,  - 1 5 . 6 1 ,  - 1 3 . 7 9  a n d  - 7 . 6 0 ?  r e s p e c t i v e l y  ( r e f .  6 7 )
B
°
b  R e f .  1 2 6 .  T h e  A H C v a l u e s  f o r  [ A g + 2 1 1 ]  a n d  [A g + 2 2 1 ]  c r y p t a t e s  i n  m e t h a n o l  
a r e  - 2 4 . 5 9  a n d  - 1 9 . 3 1  K c a l  m o l " 1 ? r e s p e c t i v e l y
1 . 1 0 . 3  E n t r o p i e s  o f  c o m p l e x a t i o n
o  o
C o m b i n a t i o n  o f  e n t h a l p y ,  A H C a n d  f r e e  e n e r g y ,  A g c  d a t a  f o r
c o m p l e x a t i o n  o f  m e t a l  i o n s  a n d  m a c r o c y c l i c  c o m p o u n d s  a l l o w s  t h e  c a l c u l a t i o n
o
o f  e n t r o p i e s ,  A 8 C f o r  c o m p l e x a t i o n  b y  t h e  r e l a t i o n s h i p
o  o  o
A G C =  A h c  -  t A s c ( 1 . 1 7 )
R e g a r d i n g  c o m p l e x a t i o n  b e t w e e n  m e t a l - i o n s  a n d  m a c r o b i c y c l i c  l i g a n d s
o
s u c h  a s  c r y p t a n d  2 2 2 , e n t r o p i e s  o f  c o m p l e x i n g  A S c  d a t a  r e p o r t e d  i n  t h e
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l i t e r a t u r e  a r e  v e r y  l i m i t e d .  I n  t a b l e s  1 . 1 4  -  1 . 1 6  a r e  g i v e n  e n t r o p i e s
o f  c o m p l e x a t i o n  d a t a  o f  r e p r e s e n t a t i v e  m a c r o b i c y c l i c  l i g a n d s  w i t h  a  n u m b e r  
o f  m e t a l  c a t i o n s  p r e s e n t  i n  t h e  l i t e r a t u r e .  K a u f f m a n n  e t  a l 112 r e p o r t e d  
e n t r o p i e s  o f  c o m p l e x a t i o n  o f  a  n u m b e r  o f  c r y p t a n d s  ( [ 2 1 1 ] ,  [ 2 2 1 ] ,  [ 22 2 ] a n d  
[ 3 2 2 ] )  w i t h  d i f f e r e n t  m e t a l  i o n s  L i + ,  N a * ,  K * ,  R b * ,  C s * ,  C a 2 * ,  S r 2 *  a n d  
B a 2 *  i n  w a t e r  a s  w e l l  a s  e n t r o p i e s  o f  c o m p l e x a t i o n  o f  c r y p t a n d  2 2 2  w i t h  
t h e s e  m e t a l  i o n s  i n  m e t h a n o l - w a t e r  ( 9 5 : 5 ) .
T h e  n e g a t i v e  e n t r o p i e s  o f  c o m p l e x a t i o n  o b t a i n e d  b y  t h e s e  w o r k e r s 112 
w e r e  f o u n d  t o  d e c r e a s e  a s  t h e  s i z e  o f  t h e  c a t i o n  i n c r e a s e d ,  w h e r e a s  
p o s i t i v e  e n t r o p i e s  o f  c o m p l e x a t i o n  w e r e  f o u n d  f o r  L i *  c a t i o n  a n d  t h e  
a l k a l i n e  e a r t h  c a t i o n s .  I n  p a r t i c u l a r  e n t r o p y  c h a n g e s  w e r e  o b s e r v e d  t o  
p l a y  a n  i m p o r t a n t  r o l e  i n  c o n t r i b u t i o n s  t o  f r e e  e n e r g y  o f  c o m p l e x a t i o n  f o r  
b i v a l e n t  c a t i o n s .
T a b l e  1 . 1 4  L i t e r a t u r e  d a t a  f o r  e n t r o p i e s  o f  c o m p l e x a t i o n  ( e a l  1C" 1
m o l " 1 ) o f  c r y p t a n d s  w i t h  m e t a l  c a t i o n s  i n  w a t e r  a t  2 9 8  K
o
A S C
a  a  c  a
c a t i o n  [2 1 1 ]. [2 2 1 ] [ 222 ] [ 3 2 2 ]
L i * 8 1 1 . 4 1.0 _
N a * - 3 6.2 - 7 . 4
a
- 7 . 0 _
K* - - 4 . 7 - 1 3 . 8
a  b  
- 1 4 . 1  - 1 1 . 5
Rb * - - 6 . 5 - 20.1
a
- 1 9 . 8 - 4 . 7
C s * - - - 10.8 - 9 . 9
A g *
b
-6
b
- 1 2 . 9 1.0
b
- 1.2 _
T I * - - - 1 5 . 0
b
- 1 4 . 8 -
C a 2 * 11.1 22
a
1 9 . 5 9 . 6
S r 2* - 1 3 . 1
a
2.0 4 . 4
B a 2 + - 7 . 7
a
- 4 . 0 6 . 7
a  R e f . 112 R e f . 1 2 6 R e f .  1 2 8
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m o l ” 1 ) o f  c r y p t a n d s ,  [ 222] a n d  [2 22 ] w i t h  a l k a l i - m e t a l
B
c a t i o n s  i n  m e t h a n o l  a t  2 9 8  K
o
ASC
a  c
c a t i o n  [ 222] [2 22 ]
B
T ab le  1 .15 L i t e r a t u r e  d a ta  f o r  e n tr o p ie s  o f co m p lex a tio n  ( c a l  K-1
L i + 1 2 . 5 -
N a + 0 . 5 2 . 4
IC+
b
- 8 . 7 - 1 0 . 3
Rb + - 1 8 . 9 - 1 3 . 4
C s + - 1 9 . 9 - 12.0
a  R e f .  1 2 8
b  A S ° [ K + 2 2 2 ]  i n  DM F, M e2S O , PC a n d  AN a r e  - 6 . 5 ,  - 1 7 . 0 ,  - 4 . 8  a n d  
- 1 0 . 5  c a l  K ” 1 m o l ” ^? r e s p e c t i v e l y  ( r e f .  1 2 6 )  
c  R e f .  6 7 '
T a b l e  1 . 1 6  L i t e r a t u r e  d a t a  f o r  e n t r o p i e s  o f  c o m p l e x a t i o n
( c a l  K”  ^ m o l ” ^)  o f  c r y p t a n d s  w i t h  s i l v e r  c a t i o n  
a t  2 9 8  K i n  d i f f e r e n t  s o l v e n t s
A S C
cryptand MeOH DMF M e2 SO PC AN
[ 2 1 1 ]  - 3 3 . 9
[ 2 2 1 ]  1 . 9
[ 2 2 2 ]  - 1 2 . 9
a R e f ,  1 2 6
b  A S c t T 1 + 2 2 2 ]  in DMF is - 1 7 . 9  cal K “ 1 mol“1
- 3 . 4
b
- 0 .7  -5 .7  -4 .1  - 2 .6
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1 . 1 1  FREE E N E R G IE S , E N T H A L PIE S AND EN T R O PIE S OF TRANSFER OF M E T A L -IO N
CRYPTATES -  LITERATURE DATA
o o o
T h e  t h e r m o d y n a m i c  p a r a m e t e r s  AG  , AH a n d  AS f o r  t r a n s f e r  c a n  b e  
o b t a i n e d  d i r e c t l y  f r o m  t h e  f r e e  e n e r g y ,  e n t h a l p y  o r  e n t r o p y  o f  s o l u t i o n  o f  
m e t a l - i o n  c r y p t a t e s  i n  a  g i v e n  s o l v e n t  ( B ) ,  a n d  r e f e r e n c e  s o l v e n t  ( A ) ,
a c c o r d i n g  t o  •
o o o
AP-}- [M 2 2 2 ] X" ( A— » B )  =  A P g [M 2 2 2 ] X “ ( B )  -  A P S [ M + 2 2 2 ] X " ( A)  ( 1 . 1 8 )
oUsing values for APt [X~], the corresponding single-ion values for the 
metal-ion cryptates can be evaluated.
A l t e r n a t i v e l y ,  f r e e  e n e r g i e s ,  e n t h a l p i e s  a n d  e n t r o p i e s  o f  t r a n s f e r  o f  
m e t a l  i o n  c r y p t a t e s  m a y  b e  o b t a i n e d  i n d i r e c t l y  t h r o u g h  a  t h e r m o d y n a m i c  
c y c l e  a s  r e p r e s e n t e d  (P  =  G , H o r  S ) .
S o l v e n t  A:
A P ° ( A )
M+ +  2 2 2  —  ' r'*+
APt  tM'+ ]
o
A P t [ 2 2 2 ]
o
 ^ A P G ( B )
> [M 2 2 2 ]
AP°[M+222]
S o l v e n t  B : M+ +  2 2 2    ^ [M + 2 2 2 ]
T h i s  c y c l e  h a s  b e e n  u s e d  b y  a  n u m b e r  o f  w o r k e r s  t o  o b t a i n  v a l u e s  o f  
AP-t-[M+ 2 2 2 ]  . A b r a h a m  a n d  N a m o r 128 h a v e  o b t a i n e d  A H -j-[M + 222] i n  t r a n s f e r  f r o m  
w a t e r  t o  m e t h a n o l  d i r e c t l y  a s  w e l l  a s  i n d i r e c t l y  v i a  t h e  c y c l e .  V a l u e s
°  4-o b t a i n e d  f o r  AH^. [M 2 2 2 ]  b y  t h e  t w o  m e t h o d s  w e r e  c o m p a r e d ,  a n d  g o o d
a g r e e m e n t  b e t w e e n  t h e  t w o  s e t s  o f  d a t a  w a s  f o u n d  b y  t h e s e  a u t h o r s .  A l s o
u s i n g  t h e  t h e r m o d y n a m i c  c y c l e ,  v a l u e s  f o r  A G t [M+ 2 2 2 ]  f r o m  w a t e r  t o  m e t h a n o l
w e r e  o b t a i n e d  a n d  r e p o r t e d  b y  t h e s e  a u t h o r s .  T h e  c o r r e s p o n d i n g  e n t r o p i e s
o
o f  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  w e r e  t h e n  e v a l u a t e d  f r o m  AGt  [M ^ 2 2 2 ] a n d
°  4-Ant [M 222] v a lu e s  f o r  t r a n s f e r s  from  w a te r  to  m ethano l.
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I n  a  s u b s e q u e n t  p u b l i c a t i o n ,  A b r a h a m  a n d  N a m o r 127  r e p o r t e d  e n t h a l p i e s
o f  t r a n s f e r  o f  [ K * 2 2 2 ]  a n d  [ A g * 2 2 2 ]  f r o m  w a t e r  t o  d i p o l a r  a p r o t i c  s o l v e n t s
DM F, M e2S O , PC a n d  A N , o b t a i n e d  t h r o u g h  t h e  t h e r m o d y n a m i c  c y c l e .  T a b l e s
1 . 1 7  a n d  1 . 1 8  l i s t s  d a t a  o n  f r e e  e n e r g i e s ,  e n t h a l p i e s  a n d  e n t r o p i e s  o f
t r a n f e r  o f  m e t a l - i o n  c y p t a t e s  t h a t  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e .
T h e  t h e r m o d y n a m i c  c y c l e  h a s  b e e n  u s e d  e x t e n s i v e l y  b y  S c h n e i d e r  a n d
c o w o r k e r s ^ 7 /  1 . 1 8 , 1 2 0 / 1 2 6 ,  1 3 7 j-0 r e l a t e  d i f f e r e n c e s  i n  s t a b i l i t y  c o n s t a n t s  o f
m e t a l - i o n  c r y p t a t e s  b e t w e e n  t w o  s o l v e n t s ,  a n d  f r e e  e n e r g y  o f  t r a n s f e r  o f
0 , o
t h a t  c r y p t a t e .  H o w e v e r ,  d a t a  i n  t h e  f o r m  o f  A G t  [M 2 2 2 ]  - A G t [ 2 2 2 ]  o r  
0 0
A H f[M + 2 2 2 ]  -  A H t [ 2 2 2 ]  a r e  r e p o r t e d .  C o x  a n d  S c h n e i d e r 118  h a v e  a l s o  
r e p o r t e d  f r e e  e n e r g i e s  f o r  t r a n s f e r  o f  a  n u m b e r  o f  a l k a l i - m e t a l  c r y p t a t e  
i o d i d e s  f r o m  w a t e r  t o  M eOH, E tO H , P C , M eC N , M e2S 0  a n d  DMF u s i n g  t h e  
t h e r m o d y n a m i c  c y c l e .
T a b l e  1 . 1 7  F r e e  e n e r g i e s ,  e n t h a l p i e s  a n d  e n t r o p i e s  f o r  t r a n s f e r  o f  
m e t a l - i o n  c r y p t a t e s  f r o m  w a t e r  t o  m e t h a n o l  a t  2 9 8  K
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o  a  o  a  o
c r y p t a t e  AGt / K c a l  m o l” 1 A H - t /K c a l  m o l” 1 hS-^/ca.1 K“ 1 m o l ” 1
[ L i + 2 2 2 ] 0 . 1 4 1 0 . 1 9 3 3 . 7
[N a + 222 ] 1 - 2 . 2 3 5 . 5 1 2 6 . 0
[ K + 2 2 2 ] - 3 . 5 3 4 . 1 4 2 5 . 7
[ R b + 2 2 2 ] - 2 . 8 9 4 . 1 0 2 3 . 4
[ C s + 2 2 2 ] - 0 . 6 0 3 . 9 1 1 5 . 1
[A g + 2 2 2 ] - 0 . 6 1 1.22 6 .1
[ T l + 2 2 2 ] - 2 . 9 7 _ —
o o
a  R e f .  1 2 8 ;  ( c y c l e  v a l u e s ) .  D i r e c t  v a l u e s  f o r  AHt [N a + 2 2 2 ]  a n d  A H t  [K+ 2 2 2  j 
a r e  5 . 9 6  a n d  3 . 9 3  K c a l  m o l ” 1 ; r e s p e c t i v e l y .
T a b l e  1 . 1 8  E n t h a l p i e s  o f  t r a n s f e r  o f  m e t a l - i o n  c : c y p t a t e s  f o r m  w a t e r  t o  
d i p o l a r  a p r o t i c  s o l v e n t s  a t  2 9 8  K
AHt / K c a l  m o l” 1
c r y p t a t e  H2 0  DMF H20 — =>Me2 SO H2 0  — >AN H20 —^  PC
[K+ 2 2 2 ]  3 . 6 2  3 . 1 1  - 0 . 9 6  3 . 3 8
[A g + 2 2 2 ]  3 . 6 3  2 . 8 9  - 2 . 7 1  0 . 3 3
a R ef. 127
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CRYPTAND 2 2 2
T h e  f r e e  e n e r g i e s  o f  t r a n s f e r  o f  l i g a n d  m ay b e  d e t e r m i n e d  f r o m  
s o l u b i l i t y  d a t a  i f  t h e  l i g a n d  i s  n o t  t o o  s o l u b l e .  H o w e v e r ,  c r y p t a n d  2 2 2  i s  
q u i t e  s o l u b l e  a n d  o t h e r  m e t h o d s  h a v e  b e e n  u s e d  i n  d e t e r m i n i n g  t h e  f r e e  
e n e r g y  o f  t r a n s f e r  o f  t h i s  l i g a n d  f r o m  w a t e r  t o  a  v a r i e t y  o f  s o l v e n t s  
i n c l u d i n g  m e t h a n o l ,  N , N - d i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  
a c e t o n i t r i l e ,  c y c l o h e x a n e ,  n - t e t r a d e c a n e  a n d  h e x a d e o a n e .  T h e  f r e e  e n e r g y  
o f  t r a n s f e r  o f  c r y p t a n d  2 2 2  f r o m  w a t e r  t o  m e t h a n o l  w a s  o b t a i n e d  b y  A b r a h a m  
e t  a l 128 u s i n g  a  d i s t r i b u t i o n  m e t h o d .  T h e  c r y p t a n d  w a s  d i s t r i b u t e d  b e t w e e n  
w a t e r  a n d  i m m i s c i b l e  s o l v e n t  n - t e t r a d e c a n e  a n d  b e t w e e n  m e t h a n o l  a n d  
n - t e t r a d e c a n e ,  a n d  t h e  h y p o t h e t i c a l  p a r t i t i o n  c o e f f i c i e n t  b e t w e e n  w a t e r  a n d
m e t h a n o l  t h u s  o b t a i n e d .  T h e s e  w o r k e r s  a l s o  o b t a i n e d  A G ^ [ 2 2 2 ]  f r o m  w a t e r  t o  
m e t h a n o l  b y  t h e  s a m e  m e t h o d ,  b u t  u s i n g  c y c l o h e x a n e  a s  t h i r d  m u t u a l l y  
i m m i s c i b l e  s o l v e n t .
F o r  t r a n s f e r  f r o m  w a t e r  t o  MeOH, DMF, MeCN a n d  M e2S O , C o x  a n d
S c h n e i d e r 1 ^8 r e p o r t e d  AGt [ 2 2 2 ]  v a l u e s  o b t a i n e d  f r o m  s o l u b i l i t y  s t u d i e s  o f
p e r c h l o r a t e  s a l t s  o f  a l k a l i - m e t a l  a n d  s i l v e r  c r y p t a t e s .
o
T h e s e  w o r k e r s  u s e d  a n  a v e r a g e  v a l u e  o f  A.Gt [ 2 2 2 ]  o f  1 . 2 4  K c a l  m o l " '  f o r  
t h e  f r e e  e n e r g y  o f  t r a n s f e r  o f  c r y p t a n d  2 2 2  f r o m  w a t e r  t o  t h e  s o l v e n t s  E tO H  
a n d  P C . S i m i l a r l y ,  C o x  a n d  S c h n e i d e r 1 18 r e p o r t e d  v a l u e s  f o r  t h e  f r e e  
e n e r g y  o f  t r a n s f e r  o f  c r y p t a n d s ,  [ 2 1 1 ] a n d  [ 222 ] f r o m  w a t e r  t o  m e t h a n o l  o f  
0 . 5 0  a n d  0 . 5 5  K c a l  m o l " 1 ; r e s p e c t i v e l y  a s  d e t e r m i n e d  f r o m  s o l u b i l i t y  
s t u d i e s  o f  p e r c h l o r a t e  s a l t s  o f  m e t a l  c r y p t a t e s .
T h e  p a r t i t i o n  o f  c r y p t a n d  2 2 1  b e t w e e n  w a t e r  a n d  c y c l o h e x a n e ;  a n d  
b e t w e e n  w a t e r  a n d  h e x a d e c a n e  w a s  d e t e r m i n e d  b y  C o x  e t  a l 1 6 3 . w h e n  t h e s e  
d a t a  a r e  u s e d ,  t o  o b t a i n  t h e  f r e e  e n e r g y  o f  t r a n s f e r  o f  c r y p t a n d  221 f r o m  
w a t e r  t o  c y c l o h e x a n e  a n d  f r o m  w a t e r  t o  h e x a d e c a n e ,  v a l u e s  o f  1 . 4 0  a n d  2 . 1 3  
K c a l  m o l~ 1  r e s u l t ;  r e s p e c t i v e l y .
1.12 FREE ENERGIES, ENTHALPIES AND ENTROPIES OF TRANSFER OF
I n  t a b l e  1 . 1 9  a r e  g i v e n  l i t e r a t u r e  d a t a  o f  f r e e  e n e r g i e s  o f  t r a n s f e r  
o f  c r y p t a n d  222 f r o m  w a t e r  t o  d i f f e r e n t  s o l v e n t s .
T a b l e  1 . 1 9  L i t e r a t u r e  d a t a  o f  f r e e  e n e r g i e s  f o r  t r a n s f e r  o f
c r y p t a n d  [ 2 2 2 ]  f r o m  w a t e r  t o  d i f f e r e n t  s o l v e n t s  a t  2 9 8  K .
o
t r a n s f e r  f r o m  w a t e r  t o  AGt  [ - 2 2 2 ] / K c a l  m o l ” 1
a  b
m e t h a n o l  1 . 1 3  1 . 0 0
b
N , N - d i m e  t h y  I f  o r m a m i d e  1 . 6 0
b
d i m e t h y l s u l p h o x i d e  1 .1 0
b
a c e t o n i t r i l e  1 . 5 1
c
c y c l o h e x a n e  1 . 6 1
a
n ~ t e t r a d e c a n e  2 . 5 8
c
h e x a d e c a n e  2 . 3 6
a  R e f .  128 ’ ’
b  R e f .  118
c  C a l c u l a t e d  f r o m  t h e  p a r t i t i o n  c o e f f i c i e n t  o f  c r y p t a n d  222 b e t w e e n  w a t e r
a n d  c y c l o h e x a n e  a n d  b e t w e e n  w a t e r  a n d  h e x a d e c a n e  g i v e n  i n  r e f .  163 •
T h e  e n t h a l p i e s  f o r  t r a n s f e r  o f  a  l i g a n d  b e t w e e n  a n y  t w o  s o l v e n t s  a r e  
d i r e c t l y  o b t a i n e d  f r o m  e n t h a l p y  o f  s o l u t i o n  o f  l i g a n d  i n  r e s p e c t i v e  
s o l v e n t .
U s i n g  d a t a  o n  e n t h a l p i e s  o f  s o l u t i o n  o f  c r y p t a n d  222 m e a s u r e d
c a l o r i m e t r i c a l l y ,  A b r a h a m  a n d  D a n i l  d e  N a m o r 128 r e p o r t e d  t h e  e n t h a l p y  o f
t r a n s f e r  o f  c r y p t a n d  222 f r o m  w a t e r  t o  m e t h a n o l .  A l s o ,  t h e s e  a u t h o r s  127
r e p o r t e d  v a l u e s  f o r  t h e  t r a n s f e r  o f  c r y p t a n d  222 f r o m  w a t e r  t o  DM F, M e2S O ,
o
P C a n d  A N . T a b l e  1 .2 0  l i s t s  Ah+ [ 2 2 2 ]  d a t a  p r e s e n t  i n  t h e  l i t e r a t u r e .
T a b l e  1 . 2 0  L i t e r a t u r e  d a t a  o f  e n t h a l p i e s  f o r  t r a n s f e r  o f  c r y p t a n d  2 2 2  
f r o m  w a t e r  t o  d i f f e r e n t  s o l v e n t s  a t  2 9 8  K
60
o
t r a n s f e r  f r o m  w a t e r  t o  A H -^ [2 2 2 ]
MeOH 1 3 . 9 2 a
DMF 1 4 . 1 7 b
M e2 SO 1 4 . 4 2 b
PC 1 3 . 6 0 b
AN 1 0 . 7 2 b
a  R e f .  1 2 8  
b  R e f .  1 2 7
B y  c o m b i n i n g  d a t a  o n  f r e e  e n e r g i e s  a n d  e n t h a l p i e s  o f  t r a n s f e r  o f  
c r y p t a n d  222 f r o m  w a t e r  t o  a n y  s o l v e n t ,  t h e  c o r r e s p o n d i n g  e n t r o p i e s  o f  
t r a n s f e r  c a n  b e  o b t a i n e d .  I n  t a b l e  1 . 2 1  i s  g i v e n  t h e  e n t r o p y  o f  t r a n s f e r  
o f  c r y p t a n d  [ 222 ] f r o m  w a t e r  t o  m e t h a n o l  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  a n d  
e n t r o p i e s  o f  t r a n s f e r  e v a l u a t e d  f r o m  f r e e  e n e r g i e s  o f  t r a n s f e r  a n d  
e n t h a l p i e s  o f  t r a n s f e r  o f  t h i s  l i g a n d  f r o m  w a t e r  t o  DM F, M e2S 0 ,  PC a n d  AN 
a s  o b t a i n e d  f r o m  i n d e p e n d e n t  w o r k e r s 1 1 8 / 1 2 7 f 1 2 8 .
T a b l e  1 . 2 1  T h e  e n t r o p i e s  o f  t r a n s f e r  o f  c r y p t a n d  2 2 2  f r o m  w a t e r  t o  
d i f f e r e n t  s o l v e n t s  a t  2 9 8  K
b
t r a n s f e r  f r o m  w a t e r  t o  A S t [ 2 2 2 ] / c a l K  1 m o l” 1
MeOH 4 2 . 9 a
DMF 4 2 . 2
Me 2S 0  4 4 . 7
PC
AN 3 0 . 9
a  R e f .  1 2 8
b  C a l c u l a t e d  f r o m  A H °  a n d  A g £  v a l u e s  f o r  c r y p t a n d  2 2 2  g i v e n  i n  r e f s .  1 2 7  
a n d  1 1 8 ;  r e s p e c t i v e l y
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n o n - a q u e o u s  s o l v e n t s  a r e  s m a l l ,  i n  c o n t r a s t  t o  t h e  v e r y  l a r g e  p o s i t i v e  
o
AH-}- [222 ] v a l u e s ?  c o n s e q u e n t l y  l e a d i n g  t o  t h e  l a r g e  p o s i t i v e  e n t r o p i e s  o f  
t r a n s f e r  s h o w n  i n  t a b l e  1 . 2 1 .
1 . 1 3  S IN G L E -IO N  CONVENTIONS
A n u m b e r  o f  e x t r a t h e r m o d y n a m i c  c o n v e n t i o n s  h a v e  b e e n  s u g g e s t e d  f o r  t h e  
c a l c u l a t i o n  o f  s i n g l e - i o n  t h e r m o d y n a m i c  p a r a m e t e r s  o f  t r a n s f e r .  T h e s e  h a v e  
b e e n  t h e  s u b j e c t  o f  a  n u m b e r  o f  p a p e r s 139" 134 a n d  r e v i e w s ^ 3 3 " 1 3 8 .
U p  t o  d a t e  t h e  m o s t  c o m m o n ly  u s e d  i s  t h e  P l^ A s P h ^ B  c o n v e n t i o n .
T h e r m o d y n a m ic  p a r a m e t e r s  a r e  c a l c u l a t e d  o n  t h e  b a s i s  t h a t :
A G t [ P h 4A s * J  «  A g £ [ P h 4B “ ] ( 1 . 1 9 )
A H ° [ P h 4A s + ] =  A H ° [P h 4B ” ] ( 1 . 2 0 )
0 , 0  
A s t [ P h 4A s * ]  =  A s t [P h 4B ~ ]  ( 1 . 2 1 )
O b v i o u s l y ,  a s  p o i n t e d  o u t  b y  P a r k e r  a n d  A l e x a n d e r 172 i t  i s  n o t
p o s s i b l e  t o  k n o w  i f  a  c o n v e n t i o n  i s  v a l i d  b u t  c e r t a i n  c o n f i d e n c e  i s  g a i n e d
w h e n  s i m i l a r  v a l u e s  f o r  s i n g l e - i o n  t h e r m o d y n a m i c  p a r a m e t e r s  o f  t r a n s f e r  a r e
o b t a i n e d  b y  u s i n g  d i f f e r e n t  e x t r a t h e r m o d y n a m i c  c o n v e n t i o n s .  S c h n e i d e r  e t  
12
•a1 - u s i n g  e n t h a l p y ,  f r e e  e n e r g y  o f  c o m p l e x i n g ,  e n t h a l p y  a n d  f r e e  e n e r g i e s
o f  t r a n s f e r  d a t a  f o r  s i n g l e - i o n s  A g + , K+  a n d  T l *  s h o w e d  t h a t  
°  ,  o
AH-}-[M"*'222 ] -  L U ^ [ 2 2 2 ]  f o r  t r a n s f e r  f r o m  w a t e r  t o  s e v e r a l  d i p o l a r  a p r o t i c  
s o l v e n t s  a n d  t h e  c o r r e s p o n d i n g  f r e e  e n e r g y  d i f f e r e n c e  w a s  c o n s t a n t  f o r  
t h e s e  c a t i o n s .  T h e s e  w o r k e r s ^28 h o w e v e r ,  e x c l u d e d  t r a n s f e r s  f r o m  w a t e r  t o  
m e t h a n o l  i n  t h e i r  s u g g e s t i o n s .
S c h n e i d e r  e t  a l 128 e x p r e s s e d  s u p p o r t  f o r  t h e i r  s u g g e s t i o n s  f r o m  t h e  
e x p e r i m e n t s  b y  V i l l e r m a u x  a n d  D e l p e u c h  w h o  f o u n d  f r o m  v a p o r - p h a s e  a n a l y s i s
o
As can be seen  from  t a b l e s  1.19 -  1.21? AGt  v a lu e s  from  w a te r  t o
(t h a t  t h e  f r e e  e n e r g y  f o r  t r a n s f e r  o f  [N a + 2 2 2 ] C l “  w a s  e q u a l " t o  t h a t  o f  C l ”  
i n  w a t e r - m e t h a n o l  m i x t u r e s .
T h e  c r y p t a t e  a s s u m p t i o n s  ( a )  a n d  ( b )  a s  s t a t e d  b y  S c h n e i d e r  e t  a l
o o
A G t  [M+^ ] =  AGt [ 2 2 2 ]
o  o
o r  AHt  [M+222]  = AHt  [ 2 2 2 ]  ( a )
a n d
Ag ° [M + 2 2 2 ]  =  0 
o r  A H °[M + 2 2 2 ]  =  0 ( b )
i f  t r u e , w o u l d  p r o v i d e  a  m e t h o d  f o r  a s s i g n i n g  s i n g l e - i o n  f r e e  e n e r g i e s  o r  
s i n g l e - i o n  e n t h a l p i e s  f o r  t r a n s f e r  f r o m  w a t e r  t o  d i f f e r e n t  s o l v e n t s .
F o l l o w i n g  t h i s ,  A b r a h a m  a n d  N a m o r 128 i n d i c a t e d  t h a t  t h e  v a l i d i t y  o f  
c o n v e n t i o n  ( a )  a n d  ( b )  r e q u i r e d  t h e  f o l l o w i n g  i d e n t i t y :
o + o +
A G t [ M- , 2 2 2 ]  =  AGt [M22 2 2 ]
AH°[m |222] = A h°[M2222] (c )
T h e s e  a u t h o r s 128 o b t a i n e d  t h e  t h e r m o d y n a m i c  p a r a m e t e r s  f o r  t h e  
t r a n s f e r  o f  a l k a l i - m e t a l  c r y p t a t e s  f r o m  w a t e r  t o  m e t h a n o l  d i r e c t l y  a s  w e l l  
a s  i n d i r e c t l y  v i a  a  t h e r m o d y n a m i c  c y c l e  a n d  s h o w e d  t h a t  t h e  c r y p t a t e  
a s s u m p t i o n s  ( a )  a n d  ( b )  d o  n o t  h o l d  f o r  t h e  w a t e r / m e t h a n o l  s y s t e m .
T h e  s a m e  a u t h o r s  i n  a n  i n d e p e n d e n t  p u b l i c a t i o n , 127 t e s t e d  c o n v e n t i o n s  
( a )  a n d  ( b )  i n  t e r m s  o f  AH f o r  t h e  t r a n s f e r  o f  t w o  c r y p t a t e s  [K + 2 2 2 ]  a n d  
[ A g + 2 2 2 ]  f r o m  w a t e r  t o  M eOH, DM F, M e2S O , PC a n d  AN a n d  f r o m  M e2 SO t o  H20 ,  
M eOH, DM F, PC a n d  A N . T h e  r e l e v a n t  p a r a m e t e r s  o f  t r a n s f e r  o f  m e t a l - i o n  
c r y p t a t e s  b e i n g  o b t a i n e d  u s i n g  a  p r e v i o u s l y  d e s c r i b e d  t h e r m o d y n a m i c  c y c l e .  
T h e  o n l y  n e w  s e t  o f  d a t a  r e p o r t e d  i n  t h i s  p a p e r  w e r e  t h o s e  c o r r e s p o n d i n g  t o  
t h e  h e a t s  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  DMF, M e ^ ° /  p c  a n d  A N . D a t a  f o r
t h e  e n t h a l p i e s  o f  c o m p l e x i n g  o f  c r y p t a n d  2 2 2  w i t h  A g +  a n d  K+ i n  DM F, M e2S O ,
PC a n d  AN w e r e  t h o s e  r e p o r t e d  b y  S c h n e i d e r  e t  a l 126 b a s e d  o n  t h e  
t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  s t a b i l i t y  c o n s t a n t s .  I t  w a s  c o n c l u d e d  t h a t  
f o r  t r a n s f e r s  f r o m  w a t e r  t o  DMF a n d  M e2S O , t h e  i d e n t i t y  ( c )
AHt [ M^ 2 2 2 ]  =  AHt [M2 2 2 2 ] , h o l d s  f o r  [K + 2 2 2 ]  a n d  [ A g + 2 2 2 ] ,  b u t  f o r  t r a n s f e r s  
t o  PC a n d  AN n e i t h e r  c o n v e n t i o n  w a s  g e n e r a l l y  v a l i d .  W hen  w a t e r  w a s  t h e  
r e f e r e n c e  s o l v e n t  r e s u l t s  o b t a i n e d  u s i n g  c o n v e n t i o n  ( a )  a n d  ( b )  d i f f e r  b y  
s e v e r a l  K c a l  m o l” 1 f r o m  v a l u e s  o b t a i n e d  u s i n g  t h e  P h 4A s P h 4 B c o n v e n t i o n .  I t
w a s  f u r t h e r  c o n c l u d e d  t h a t  a l s o  f o r  t r a n s f e r s  a m o n g  d i p o l a r  a p r o t i c  
s o l v e n t s  c o n v e n t i o n  ( a )  a n d  ( b ) ,  g a v e  v a l u e s  w h i c h  w e r e  f a r  f r o m  t h o s e  
o b t a i n e d  b y  t h e  P h 4A s P h 4 B c o n v e n t i o n .
1 . 1 4  A im  o f  t h e  W o rk
L i t e r a t u r e  d a t a  f o r  t h e r m o d y n a m i c  p a r a m e t e r s  o f  m e t a l - i o n  c o m p l e x e s  
w i t h  m a c r o b i c y c l i c  l i g a n d s  g i v e n  i n  t h e  p r e v i o u s  s e c t i o n s  c o n s t i t u t e  m a i n l y  
s t a b i l i t y  c o n s t a n t s  o f  m e t a l - i o n  c r y p t a t e s  i n  p r o t i c  a n d  a p r o t i c  s o l v e n t s ,  
w i t h  e n t h a l p i e s  a n d  e n t r o p i e s  o f  c o m p l e x a t i o n  v a l u e s  r e p o r t e d  m a i n l y  i n  
w a t e r  a n d  m e t h a n o l .  D a t a  o n  e n t h a l p i e s  o f  c o m p l e x i n g  f o r  o n l y  a  f e w  
c a t i o n s  a n d  c r y p t a n d  2 2 2  i n  d i p o l a r  a p r o t i c  s o l v e n t s ,  N , N - d i m e t h y l f o r m a m i d e  
d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e  c a r b o n a t e  a n d  a c e t o n i t r i l e  h a v e  b e e n  o b t a i n e d  
b y  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  s t a b i l i t y  c o n s t a n t s  a n d  n e e d  t o  b e  
r e e x a m i n e d .  I n  t h i s  w o r k ,  t h e  a im  i s  t o  d e t e r m i n e  t h e  t h e r m o d y n a m i c  
p a r a m e t e r s ?  e n t h a l p i e s  a n d  e n t r o p i e s  o f  c o m p l e x i n g  o f  a l k a l i - m e t a l  a n d  
s i l v e r  c a t i o n s  w i t h  c r y p t a n d  222 i n  a  n u m b e r  o f  d i p o l a r  a p r o t i c  s o l v e n t s ,  
N , N - d i m e t h y l f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e  c a r b o n a t e ,  
a c e t o n i t r i l e  a n d  n i t r o m e t h a n e .  T h i s  d a t a  c o u l d  t h e n  b e  u s e d  i n  c o m b i n a t i o n  
w i t h  o t h e r  r e l e v a n t  d a t a  t o  o b t a i n  f r e e  e n e r g i e s ,  e n t h a l p i e s  a n d  e n t r o p i e s  
o f  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  f r o m  w a t e r  t o  t h e  d i p o l a r  a p r o t i c
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solvents and for transfer among the dipolar aprotic solvents.The results 
of such studies would allow the investigation! of the factors which 
predominantly influence complex formation between alkali-metal ions and 
cryptand 222*
Also of great interest is the study of complexing of metal-ions with 
cryptand 222 in a solvent such as nitromethane.Such studies may be of 
relevance to extraction processes since a seperation between nitromethane 
and water is possible in practise. There are very few data available in 
the literature on the thermodynamic parameters for the transfer of single 
ions from water to nitromethane. It is felt that a detailed analysis on 
the extraction of cations from the aqueous solution into the organic 
phase by macrobicyclic ligands requires data on the free energy,enthalpies 
and entropies of single-ions from water to nitromethane.
These parameters will be determined in the course of this work. Also 
relevant to the extraction process is a knowledge of the ion pair 
formation in the organic phase. This parameter will be determined for 
the metal-ion cryptates in nitromethane phase, from conductance 
measurements.
126Thermodynamic studies by Schneider et al have shown that the 
difference in free energies of transfer of metal-ion cryptates;(M+222) 
and Gryptand 222 from water to several dipolar aprotic solvents are 
constant and led to suggestions that cryptate conventions (see sections l.lj) 
could be used to obtain single-ion free energies of transfer.
In this work,these conventions are tested mainly in terms of enthalpy, 
and entropy for transfers from water to dipolar aprotic solvents and 
similarly for transfers among the dipolar aprotic solvents.
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I n  t h i s  t h e s i s ,  t h e  f o l l o w i n g  a b b r e v i a t i o n s  a r e  u s e d  f o r  v a r i o u s  
s o l v e n t s .
1 .1 4 .1  A b b re v ia t io n s  u se d  f o r  s o lv e n ts
h 2 o w a t e r
MeOH m e t h a n o l
DMF N , N - d i m e t h y I f  o r m a m i d e
M e2 SO d i m e t h y l s u l p h o x i d e
AN a c e t o n i t r i l e
PC p r o p y l e n e  c a r b o n a t e
M eN 02 n i t r o m e t h a n e
1 . 1 4 . 2  P h y s i c a l  p r o p e r t i e s  o f  d i f f e r e n t  s o l v e n t s
P h y s i c a l  p r o p e r t i e s  o f  d i f f e r e n t  s o l v e n t s  u s e d  i n  t r e a t i n g  d a t a  i n  
t h i s  t h e s i s ^ a r e  g i v e n  i n  t a b l e  1.22 a n d  r e f e r  t o  25°c.
I n c l u d e d  i n  t h i s  t a b l e  a r e  v a l u e s  c a l c u l a t e d  f o r  t h e  D e b y e - H u c k e l  
p a r a m e t e r s  A a n d  B g i v e n  b y 1 68
A =  1 . 8 2 4 6  x  1 0 6/ ( £ T ) 3//2 ( 1 . 2 2 )
B =  S O ^ / t e T )*5 ( 1 . 2 3 )
o  o
w h e n  t h e  i o n  s i z e  p a r a m e t e r  a  i s  e x p r e s s e d  i n  A n g s t r o m s .
I n  e q n s .  ( 1 . 2 2 )  a n d  ( 1 . 2 3 ) ,  z  i s  t h e  d i e l e c t r i c  c o n s t a n t  a n d  T , t h e  
t e m p e r a t u r e  i n  K .
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S E C T I O N  2  _
E X P E R I M E N T A L
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2 . 1  MATERIALS
2 . 1 . 1  P u r i f i c a t i o n  o f  S o l v e n t s
A c e t o n i t r i l e 1 7 8  ( s u p p l i e d  b y  BDH l a b o r a t o r y  r e a g e n t ,  A  98% ) w a s  
r e p e a t e d l y  s t o o d  o v e r  C a C l2 o r  P 2O5 ? d e c a n t e d  f r o m  d i s c o l o u r e d  r e s i d u e  a n d  
s t o o d  o v e r  f r e s h  1?20 5 * S o l v e n t  w a s  p u r i f i e d  b y  f r a c t i o n a l  d i s t i l l a t i o n  
o v e r  f r e s h  P 2O5 a n 4  t h e  d i s t i l l a t e  s t o r e d  i n  d r y  b o x  i n  t h e  d a r k .  N o  w a t e r  
i n  s o l v e n t  w a s  d e t e c t e d  b y  g a s  l i q u i d  c h r o m a t o g r a p h y .  P r o p y l e n e  C a r b o n a t e  
( s u p p l i e d  b y  BDH l a b o r a t o r y  r e a g e n t ,  A* 99% ) w a s  d r i e d  o v e r  C aH 2 o r  
a c t i v a t e d  m o l e c u l a r  s i e v e  t y p e  4A  a n d  t h e n  d i s t i l l e d  a t  r e d u c e d  p r e s s u r e  
u n d e r  a  s t r e a m  o f  o x y g e n - f r e e  n i t r o g e n .  O n l y  m i d d l e  60% f r a c t i o n  w a s  
c o l l e c t e d  a n d  r e d i s t i l l e d  u n d e r  i d e n t i c a l  c o n d i t i o n s .  T h e  r e s t  40% o f  
d i s t i l l a t e  w a s  r e j e c t e d .  D i s t i l l a t e  w a s  s t o r e d  i n  d a r k  b o t t l e  i n  d r y  b o x .  
G a s  l i q u i d  c h r o m a t o g r a p h y  c o n f i r m e d  t h e  h i g h  p u r i t y  o f  p r o p y l e n e  c a r b o n a t e .
D i m e t h y l s u l p h o x i d e  (BDH l a b o r a t o r y  r e a g e n t  As. 98% ) w a s  d r i e d  o v e r  
a c t i v a t e d  m o l e c u l a r  s i e v e  ( t y p e  4 a ) ,  o r  c a l c i u m  h y d r i d e  a n d  t h e n  d i s t i l l e d  
u n d e r  n i t r o g e n  a t  r e d u c e d  p r e s s u r e .  T h e  d i s t i l l a t e  w a s  s t o r e d  i n  d r y  b o x  
a n d  u s e d  i m m e d i a t e l y .
N , N - D i m e t h y l f o r m a m i d e  (BDH l a b o r a t o r y  r e a g e n t  A- 98% ) w a s  d r i e d  o v e r  
m o l e c u l a r  s i e v e  4A a n d  t h e n  d i s t i l l e d  a t  r e d u c e d  p r e s s u r e  u n d e r  a  s t r e a m  
o f  0 2 - f r e e  n i t r o g e n .  T h e  f i r s t  a n d  l a s t  f r a c t i o n s  w e r e  d i s c a r d e d .  T h e  
m i d d l e  60% f r a c t i o n  w a s  c o l l e c t e d  a n d  r e d i s t i l l e d  u n d e r  t h e  'sa m e  
c o n d i t i o n s .  T h e  d i s t i l l a t e  w a s  s t o r e d  i n  d r y  b o x  i n  t h e  d a r k  a n d  u s e d  
w i t h i n  4 8  h o u r s .
N i t r o m e t h a n e  ( A l d r i c h  C h em . C o .  ±  98% ) w a s  u s e d  a s  p u r c h a s e d .  P u r i t y  
w a s  c h e c k e d  b y  g a s  l i q u i d  c h r o m a t o g r a p h y  a n d  K a r l  F i s c h e r  t i t r a t i o n  a n d  
w a t e r  c o n t e n t  f o u n d  t o  b e  Z - 0 . 0 0 5 % .  F r a c t i o n a l l y  d i s t i l l e d  s o l v e n t  w a s
f o u n d  t o  b e  o f  t h e  s a m e  p u r i t y  ( b o i l i n g  r a n g e  9 8  -  1 0 0 ° c ) .  N i t r o m e t h a n e  
(BDH g e n e r a l  p u r p o s e  r e a g e n t  b o i l i n g  r a n g e  1 0 0  -  1 0 3 ° C )  p r e s e n t e d  s o m e  
d i f f i c u l t i e s  d u r i n g  p u r i f i c a t i o n .  T h e  p u r i t y  f o r  s o m e  b a t c h e s  a s  c h e c k e d  
b y  g a s  l i q u i d  c h r o m a t o g r a p h y ,  w a s  f o u n d  t o  b e  n o t  l e s s  t h a n  a b o u t  1 - 2 % ,  
e v e n  a f t e r  s e v e r a l  d i s t i l l a t i o n s  a n d  t h e r e f o r e  u n s u i t a b l e  f o r  e x p e r i m e n t a l  
u s e .  N i t r o m e t h a n e  i s  s e n s i t i v e  t o  l i g h t ,  d e c o m p o s i n g  o n  e x p o s u r e  t o  l i g h t  
a n d  w a s  a l w a y s  k e p t  i n  a  d r y  b o x  i n  t h e  d a r k .
M e t h a n o l  ( J a m e s  B u r r o u g h  L i m i t e d )  w a s  r e f l u x e d  w i t h  m a g n e s iu m  t u r n i n g s  
a n d  i o d i n e ,  f o l l o w e d  b y  f r a c t i o n a l  d i s t i l l a t i o n  a s  d e s c r i b e d  b y  V o g e l 1 7 8 . 
O n ly  t h e  m i d d l e  f r a c t i o n  w a s  c o l l e c t e d  a n d  u s e d  i m m e d i a t e l y .  W a t e r  c o n t e n t  
w a s  d e t e r m i n e d  b y  g a s  l i q u i d  c h r o m a t o g r a p h y  a n d  f o u n d  t o  b e  +  0 . 0 1 % .
2 . 1 . 2  P r e p a r a t i o n  a n d  P u r i f i c a t i o n  o f  s a l t s  a n d  c r y p t a t e s
T h e  t e t r a - n - a l k y l a m r a o n i u m  t e t r a p h e n y l b o r a t e  s a l t s  w e r e  p r e p a r e d  b y  
a d d i n g  a  s o l u t i o n  o f  s o d iu m  t e t r a p h e n y l b o r o n  i n  m e t h a n o l  t o  c o r r e s p o n d i n g  
t e t r a - n - a l k y i a m m o n i u m  h y d r o x i d e  s o l u t i o n  ( A l d r i c h ,  E t 4 NOH -  20% s o l u t i o n  i n  
w a t e r ,  B u 4 N0H  -  40% s o l u t i o n  i n  w a t e r )  u n t i l  n o  f u r t h e r  p r e c i p i t a t i o n  
r e s u l t e d .  T e t r a - n - m e t h y l a m m o n i u m  t e t r a p h e n y l b o r a t e  w a s  p u r i f i e d  b y  
r e c r y s t a l l i s a t i o n  f r o m  a c e t o n e .  T e t r a - n - ( e t h y l ,  p r o p y l  a n d  b u t y l )  a m m o n iu m  
t e t r a p h e n y l b o r a t e  w e r e  p u r i f i e d  b y  r e c r y s t a l l i s a t i o n  f r o m  a q u e o u s  a c e t o n e .  
T h e  s a l t s  w e r e  d r i e d  f o r  s e v e r a l  d a y s  i n  a  v a c u u m  o v e n  a t  6 0 ° C ,  a n d  
a n a l y s e d  b y  t h e  M i c r o a n a l y t i c a l  l a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  S u r r e y .
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Found and calculated % figures are given.
c o m p o u n d
M e4 NPH4 B
E t 4 NPH4 B
P r 4 NPH4 B
B u 4NPH4 B
c a l c .
f o u n d
c a l c .
f o u n d
c a l c .
f o u n d
c a l c .
f o u n d
8 5 . 4 8  
8 5  . 1 8
8 5 . 5 0  
8 5 . 3 2
8 5 . 5 1  
8 5 . 4 3
8 5 . 5 2
8 5 . 4 9
8 . 4 1
8 . 9 7
8 . 4 9
9 . 5 7
9 . 6 1
1 0 . 0 5
1 0 . 1 9
8 .2 0
T e t r a - n - ( m e t h y l ,  e t h y l ,  p r o p y l  a n d  b u t y l )  a m m o n iu m  i o d i d e s  a n d  
t e t r a - n -  ( m e t h y l ,  e t h y l ,  p r o p y l  a n d  b u t y l )  a m m o n iu m  b r o m i d e  s a l t s  u s e d  w e r e  
A .R  g r a d e  r e a g e n t s .  T e t r a m e t h y l a m m o n i u m  i o d i d e  w a s  r e c r y s t a l l i s e d  f r o m  
w a t e r  a n d  d r i e d  a t  6 0 ° C i n  v a c u u m  o v e n  f o r  2  d a y s .  T e t r a - n - ( e t h y l  a n d  
p r o p y l )  am m o n iu m  i o d i d e  w e r e  r e c r y s t a l l i s e d  f r o m  a q u e o u s  a c e t o n e .  E a c h  
s o l i d  w a s  d i s s o l v e d  i n  a  m in im u m  a m o u n t  o f  a c e t o n e  a n d  w a r m e d  t o  n e a r  
b o i l i n g  p o i n t .  A f e w  d r o p s  o f  w a t e r  w a s  a d d e d  u n t i l  t h e  m i x t u r e  w a s  c l e a r  
a n d  f i l t e r e d  t h r o u g h  f l u t e d  f i l t e r  p a p e r .  F i l t r a t e  w a s  l e f t  t o  c o o l  a n d  
c r y s t a l s  w a s h e d  w i t h  a c e t o n e ,  a n d  d r i e d  i n  a  v a c u u m  o v e n  a t  a p p r o x i m a t e l y  
5 5 ° C f o r  s e v e r a l  d a y s .  T h e  s a m e  p r o c e d u r e  w a s  f o l l o w e d  f o r  t h e  
r e c r y s t a l l i s a t i o n  o f  E t 4 N B r  a n d  P r 4 N B r .  T h e s e  w e r e  d r i e d  i n  a  v a c u u m  o v e n  
a t  6 0  -  8 0 ° C f o r  s e v e r a l  d a y s .
T e t r a - n - b u t y l  a m m o n iu m  i o d i d e  w a s  r e c r y s t a l l i s e d  f r o m  H2 0 / m e t h a n o l .  
S o l i d  ( 4 g ) w a s  d i s s o l v e d  i n  w a rm  w a t e r  ( 4 0 m l )  a t  n e a r  b o i l i n g  p o i n t ,  
m e t h a n o l  ( 2 5 m l )  w a s  a d d e d  w i t h  s t i r r i n g  u n t i l  m i x t u r e  w e n t  c l e a r .  M i x t u r e  
w a s  f i l t e r e d  a n d  f i l t r a t e  c o o l e d  f o r  4 5  m i n u t e s .  C r y s t a l s  w e r e  f i l t e r e d ,
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w a s h e d  w i t h  d i s t i l l e d  w a t e r ,  a n d  d r i e d  o v e r  P 2 0 5 a t  5 0 ° C  i n  v a c u u m  o v e n  f o r  
s e v e r a l  h o u r s .  B u 4 N I  s a l t  w a s  s t o r e d  i n  d e s i c c a t o r  o v e r  P 2 ° 5 *
T e t r a p h e n y l p h o s p h o n i u m  b r o m i d e  w a s  r e c r y s t a l l i s e d  f r o m  w a t e r  a n d  d r i e d  
i n  v a c u u m  o v e n  f o r  s e v e r a l  d a y s .  T e t r a - n - m e t h y l  a n d  e t h y l  a m m o n iu m  
p i c r a t e s  w e r e  p r e p a r e d  b y  n e u t r a l i s a t i o n  o f  t h e  a p p r o p r i a t e  h y d r o x i d e  w i t h  
p i c r i c  a c i d  ( H o p k i n s  a n d  W i l l i a m s  L i m i t e d ) .  T h e  c o r r e s p o n d i n g  
t e t r a - n - a l k y l a m m o n i u m  h y d r o x i d e  ( E t 4N O H , A l d r i c h  -  20% s o l u t i o n  i n  w a t e r )  
w a s  a d d e d  d r o p w i s e  t o  a  w a r m  c o n c e n t r a t e d  s o l u t i o n  o f  p i c r i c  a c i d  i n  w a t e r  
u n t i l  t h e  r e a c t i o n  m i x t u r e  w a s  a l k a l i n e  a n d  p r e c i p i t a t i o n  o f  a n y  p i c r a t e  
c e a s e d .  M i x t u r e  w a s  c o o l e d  w i t h  c o n t i n u o u s  s t i r r i n g ,  c r y s t a l s  f i l t e r e d ;  
w a s h e d  w i t h  w a t e r  a n d  r e c r y s t a l l i s e d  f r o m  w a t e r .  C o m p o u n d s  w e r e  d r i e d  i n  
v a c u u m  o v e n  a t  r o o m  t e m p e r a t u r e  f o r  s e v e r a l  d a y s .
F o r  s o l u b i l i t y  a n d  c a l o r i m e t r i c  s t u d i e s  s a l t s  u s e d  w e r e  N a C l 0 4 
( K o c h - l i g h t ,  c r y s t .  P u r i s s ) ,  K C 1 0 4 ( F i s o n s ,  SL R ) N a P h 4B ,  N a C l ,  N a B r ,  N a l ,
K X ,  K C l ,  K B r , C s B r ,  R b l ,  R b C l ,  L i C l 0 4 , L i C l ,  A g C l0 4 , E t 4 NC 1 0 4 (B D H , A n a l a r  
g r a d e ) ,  C s l , P r 4N C l0 4 ( F l u k a ,  p u r u m ) , R b C l0 4 ( A l f a  9 9 . 9 % )  C s C 1 0 4 ( V e n + ^ o n  
9 9 . 9 % ) .  S a l t s  w e r e  d r i e d  u n d e r  v a c u u m  f o r  s e v e r a l  d a y s  p r i o r  t o  u s e .
P h 4A s P h 4 B a n d  P h 4P P h 4 B w e r e  p r e p a r e d  b y  r e a c t i n g  P h 4 A s C l  a n d  
P h 4P C l ( F l u k a ,  p u r u m  p . a .  >  9 8 % )/ r e s p e c t i v e l y  w i t h  N a P h 4B ( B D H ,  l a b o r a t o r y  
r e a g e n t ) .  T h e  s a l t s  w e r e  r e c r y s t a l l i s e d  a t  l e a s t  t w i c e  f r o m  a c e t o n e : w a t e r  
( 3 : 1  v / v )  a n d  d r i e d  i n  a  v a c u u m  o v e n  a t  8 0 ° C .
T e t r a - n - b u t y l  a m m o n iu m  p e r c h l o r a t e  w a s  p r e p a r e d  f r o m  B u 4N O H ( A l d r i c h ,  
40% s o l u t i o n  i n  w a t e r )  a n d  a q u e o u s  p e r c h l o r i c  a c i d .  T h e  s a l t  w a s  p u r i f i e d  
b y  r e c r y s t a l l i s a t i o n  f r o m  w a t e r  a n d  d r i e d  u n d e r  v a c u u m  f o r  s e v e r a l  d a y s .  
E t 4N C l0 4 w a s  p r e p a r e d  s i m i l a r l y  f r o m  E t 4 NOH ( A l d r i c h ,  20% s o l u t i o n  i n  
w a t e r )  a n d  a q u e o u s  p e r c h l o r i c  a c i d .  S a l t  w a s  d r i e d  a s  f o r  B u 4N C l0 4 .
P o t a s s i u m  a n d  r u b i d i u m  t e t r a p h e n y l b o r a t e s  w e r e  o b t a i n e d  f r o m  a n  
a q u e o u s  s o l u t i o n  o f  s o d i u m  t e t r a p h e n y l b o r a t e  ( BDH,  l a b o r a t o r y  r e a g e n t ) ,  a n d  
a q u e o u s  s o l u t i o n  o f  c o r r e s p o n d i n g  c h l o r i d e .  T h e  c o m p o u n d s  w e r e
r e c r y s t a l l i s e d  t w i c e  f r o m  a c e t o n e - w a t e r  m i x t u r e  a n d  d r i e d  i n  v a c u o  f o r  
s e v e r a l  d a y s  a t  6 0  -  8 0 ° C .
T e t r a p h e n y l a r s o n i u m  a n d  t e t r a p h e n y l p h o s p h o n i u m  c h l o r i d e  ( F l u k a  p u r u m  
p . a .  y  9 8 %)  w e r e  r e c r y s t a l l i s e d  f r o m  1 ,1  d i c h l o r o e t h a n e  ( 1 , 1 - D C E )  a n d  1 , 2  
d i c h l o r o e t h a n e  ( 1 , 2 - D C E ) ,  m i x t u r e  ( 7 0 / 3 0  v % ) .  S o l v e n t s  w e r e  s h a k e n  w i t h  
a n h y d r o u s  p o t a s s i u m  c a r b o n a t e ,  s t o o d  o v e r n i g h t  a n d  t h e n  f i l t e r e d  p r i o r  t o  
u s e .  P u r i f i e d  c o m p o u n d s  w e r e  d r i e d  i n  v a c u o  f o r  a t  l e a s t  o n e  w e e k  a n d  t h e n  
a t  4 5 °C f o r  s e v e r a l  d a y s .  T e t r a p h e n y l a r s o n i u m  a n d  p h o s p h o n i u m  b r o m i d e  
( A l d r i c h )  w e r e  r e c r y s t a l l i s e d  f r o m  w a t e r  a n d  d r i e d  u n d e r  s i m i l a r  
c o n d i t i o n s .  T e t r a e t h y l a m m o n i u m  c h l o r i d e  ( F l u k a ,  p u r u m )  w a s  r e c r y s t a l l i s e d  
f r o m  a b s o l u t e  e t h a n o l ;  t h e n  f r o m  e t h y l a c e t a t e  a n d  d r i e d  i n  v a c u o  a t  1 0 0 ° C .
C r y p t a n d  2 2 2  ( c o m m e r c i a l  s a m p l e ,  M e r c k )  w a s  u s e d  w i t h o u t  f u r t h e r  
p u r i f i c a t i o n ;  d r i e d  i n  v a c u o  a n d  s t o r e d  i n  d e s i c c a t o r  o v e r  C a C l 2 i n  d a r k .  
T e s t s  f o r  t h e ' p u r i t y  o f  t h e s e  c o m m e r c i a l  s a m p l e s  h a v e  b e e n  p e r f o r m e d  u s i n g  
NMR m e a s u r e m e n t s ,  pH t i t r a t i o n  a n d  c o n d u c t i m e t r i c  s t u d i e s  b y  C o x  e t  a l 228 
a n d  s h o w e d  t o  b e  b e t t e r  t h a n  9 9 % . C r y p t a n d  2 2 2  s h o w e d  a  s l i g h t  y e l l o w  
c o l o u r  w h e n  k e p t  o v e r  a  l o n g  p e r i o d  o f  t i m e .  F r e s h  s a m p l e s  w e r e  a l w a y s  
u s e d  t h r o u g h o u t  t h i s  w o r k .
T h e  s o l i d  c o m p l e x e s ,  c r y p t a t e  s a l t s ;  [ L i + 2 2 2 ] C l 0 4 " ,  [ N a + 2 2 2 ] C I O 4 " ,  
[ K + 2 2 2 ]  C lC ^ ” , [ R b + 2 2 2 ] I "  a n d  [ C s + 2 2 2 ] I "  w e r e  p r e p a r e d  f r o m  e q u i v a l e n t  
q u a n t i t i e s  o f  t h e  s a l t s  a n d  c r y p t a n d  2 2 2  i n  m e t h a n o l .  C r y p t a t e  c o m p l e x e s  
w e r e  a l l  d r i e d  u n d e r  v a c u u m  a t  3 0 3  K f o r  s e v e r a l  d a y s .  S a m p l e s  w e r e  
a n a l y s e d  a t  t h e  M i c r o a n a l y t i c a l  L a b o r a t o r y  a t  t h e  U n i v e r s i t y  o f  S u r r e y .
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F o u n d  a n d  c a l c u l a t e d  % f i g u r e s  w e r e
compound N
C r y p t a n d  2 2 2  
[ L i + 2 2 2 ] C 1 0 4 ‘ 
[ N a * 2 2 2 ]  C l 0 4 " 
[K+2 2 2 ]C 1 0 4 “ 
[R b * 222 ] 1 “  
[ C s * 2 2 2 ] I ”
c a l c .
f o u n d
c a l c .
f o u n d
c a l c .
f o u n d
c a l c .
f o u n d
c a l c .
f o u n d
c a l c .
f o u n d
5 7 . 4 2
5 7 . 3 2  
4 4 . 7 7
4 5 . 3 3
4 3 . 3 3  
4 3 .  15 
4 1 . 9 7
4 1 . 9 6  
3 6 . 7 1  
3 6 . 5 2
3 3 . 9 7  
3 4 . 2 1
9 . 6 4
9 . 6 1
7 . 5 1
7 . 5 3
7 . 2 7
7 . 2 4
7 . 0 5
7 . 0 8
6 . 1 6
5 . 9 9
5 . 7 0
5 . 6 9
7 . 4 4
7 . 3 9  
5 . 8 0
5 . 8 3  
5 . 6 2  
5 . 5 6
5 . 4 4  
5 . 3 6  
4 . 7 6
4 . 8 3
4 . 4 0
4 . 4 0
A l l  c r y p t a t e  s a l t s  w e r e  k e p t  i n  t h e  d a r k  i n  a  d e s i c c a t o r  o v e r  c a l c i u m  
c h l o r i d e  a n d  u s e d  i m m e d i a t e l y .
T ham  ( 1 5 0 g ,  BDH A n a l a r  g r a d e  >  9 9 . 8 % )  w a s  d i s s o l v e d  w i t h  c o n s t a n t  
s t i r r i n g  i n  n e a r  b o i l i n g  w a t e r  ( 1 0 0 m l ) .  M e t h a n o l  ( 4 0 0 m l )  w a s  a d d e d  a f t e r  
T h a m  w a s  c o m p l e t e l y  d i s s o l v e d  a n d  s o l u t i o n  c o o l e d  s l o w l y  t o  r o o m  
t e m p e r a t u r e  w i t h  c o n s t a n t  s t i r r i n g .  S o l u t i o n  t e m p e r a t u r e  w a s  f u r t h e r  
b r o u g h t  d o w n  t o ^ 3 ° C  a n d  l e f t  f o r  a b o u t  o n e  h o u r  a f t e r  w h i c h  t h e  c r y s t a l s  
w e r e  f i l t e r e d .  T h e  p r o c e s s  w a s  r e p e a t e d  b u t  t h i s  t i m e  t h e  h o t  s o l u t i o n  i n  
w a t e r  w a s  f i l t e r e d  t h r o u g h  f l u t e d  f i l t e r  p a p e r  p r i o r  t o  t h e  a d d i t i o n  o f  
m e t h a n o l .  A f t e r  f i l t r a t i o n ,  c r y s t a l s  w e r e  w a s h e d  w i t h  c o l d  m e t h a n o l  
r e p e a t e d l y ,  a n d  l e f t  t o  d r y  o v e r n i g h t  i n  a i r .
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C r y s t a l s  w e r e  s c r e e n e d  a n d  o n l y  p a r t i c l e s  w h i c h  p a s s e d  t h r o u g h  5 0  m e s h  
a n d  r e t a i n e d  o n  1 0 0  m e s h  w e r e  d r i e d  i n  a n  o v e n  a t .  8 0 ° C  f o r  2 4  h o u r s  a n d  
t h e n  i n  a  v a c u u m  o v e n  f o r  a  f u r t h e r  2 4  h o u r s .
2 . 2  SO L U B IL IT Y  MEASUREMENTS -  P r o c e d u r e    — r  — ■ -
T h e  s o l u b i l i t i e s  o f  3 0  1 : 1  e l e c t r o l y t e s  i n  n i t r o m e t h a n e  w e r e  
d e t e r m i n e d .  S a t u r a t e d  s o l u t i o n s  o f  t h e  s a l t s  w e r e  o b t a i n e d  b y  a d d i n g  a n  
e x c e s s  a m o u n t  o f  s a l t  t o  t h e  s o l v e n t  a n d  m i x t u r e s  s h a k e n  i n  a  t h e r m o s t a t  a t  
2 5  ±  0 . 0 5 ° C  f o r  s e v e r a l  d a y s .  A l l  s a m p l e s  w e r e  c o v e r e d  s o  a s  t o  b e  
u n e x p o s e d  t o  l i g h t .
A l i q u o t s  o f  t h e  s a t u r a t e d  s o l u t i o n s  w e r e  r e m o v e d  a n d  a n a l y s e d  b y  t w o  
m e t h o d s ,  p o t e n t i o m e t r i c  t i t r a t i o n s  a n d  g r a v i m e t r i c  a n a l y s i s .  H a l i d e s  a n d  
t e t r a p h e n y l b o r a t e s  w e r e  a n a l y s e d  b y  b o t h  m e t h o d s .  F o r  t h e  a n a l y t i c a l  
m e t h o d ,  a  k n o w n  v o l u m e  o f  t h e  s a t u r a t e d  s o l u t i o n  w a s  d i l u t e d  w i t h  m e t h a n o l  
a n d  t i t r a t e d  w i t h  a  s t a n d a r d  s o l u t i o n  o f  s i l v e r  n i t r a t e  u s i n g  a  R T S 8 2 2  
t i t r a t i o n  r e c o r d i n g  s y s t e m  w h i c h  i n c l u d e s  a  d e r i v a t i o n  u n i t  u s i n g  
s i l v e r - c a l o m e l  e l e c t r o d e s .  A b l a n k  e x p e r i m e n t  w a s  c a r r i e d  o u t  w i t h  p u r e  
s o l v e n t .  T h e  r e l i a b i l i t y  o f  a n a l y t i c a l  m e t h o d  i n  n o n - a q u e o u s  m e d i a  w a s  
c h e c k e d  b y  t i t r a t i o n  o f  a  s o l u t i o n  o f  k n o w n  c o n c e n t r a t i o n .
G r a v i m e t r i c  a n a l y s e s  c o n s i s t e d  o f  t a k i n g  a  k n o w n  a m o u n t  o f  s a m p l e ,  
e v a p o r a t i n g  t h e  s o l v e n t  a n d  t h e n  s o l i d  w e i g h e d  i n  d r y  a t m o s p h e r e .  T h e  
d r y i n g  p r o c e s s  w a s  c o n t i n u e d  u n t i l  a  c o n s t a n t  w e i g h t  w a s  o b t a i n e d .  T h e  
g r a v i m e t r i c  m e t h o d  w a s  u s e d  t o  a n a l y s e  p e r c h l o r a t e s  a n d  p i c r a t e s .  A l l  
m e a s u r e m e n t s  w e r e  c a r r i e d  o u t  a t  l e a s t  i n  d u p l i c a t e .  S o l v a t e  f o r m a t i o n  w a s  
t e s t e d  b y  s t o r i n g  t h e  s a l t s  o v e r  n i t r o m e t h a n e  a t  2 9 8  K i n  a  d e s i c a t o r  
c o n t a i n i n g  s o m e  s o l v e n t  o v e r  a  p e r i o d  o f  a t  l e a s t  t w o  w e e k s .  S e v e r a l  s a l t s  
( s e e  t a b l e  3 * 1 )  s h o w e d  e v i d e n c e  o f  i m m e d i a t e  s o l v a t e  f o r m a t i o n .
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A c a l o r i m e t e r  i s  a n  i n s t r u m e n t  u s e d  f o r  a  w i d e  r a n g e  o f  e x p e r i m e n t a l  
i n v e s t i g a t i o n s  i n  w h i c h  h e a t  c h a n g e s  f o r  a  c h e m i c a l  r e a c t i o n  o r  s o l u t i o n  
p r o c e s s e s  a r e  d e t e r m i n e d .  T h e  c a l o r i m e t e r  u s e d  i n  t h i s  w o r k  i s  t h e  T r o n a c  
5 5 0  C a l o r i m e t e r .  A d e s c r i p t i o n  o f  t h i s  c a l o r i m e t e r  n o w  f o l l o w s .
2 . 3 . 1  G e n e r a l  d e s c r i p t i o n
T h e  T r o n a c  i s  a  c o m m e r c i a l  v e r s i o n  o f  t h e  s o l u t i o n  c a l o r i m e t e r  
o r i g i n a l l y  d e s i g n e d  b y  C h r i s t e n s e n  a n d  I z a t t 1 8 0 . T h e  m o d e l  5 5 0  
i s o t h e r m a l - i s o p e r i b o l  c a l o r i m e t e r  h a s  a  n u m b e r  o f  a p p l i c a t i o n s .  I t  c a n  b e  
u s e d  a s :  ( a )  a  t h e r m o m e t r i c  t i t r a t o r  f o r  a n a l y t i c a l  a p p l i c a t i o n ,  ( b )  a  
c o n v e n t i o n a l  s o l u t i o n  c a l o r i m e t e r  f o r  e n t h a l p y  ( AH)  m e a s u r e m e n t s  o n  a n y  
l i q u i d - l i q u i d  o r  s o l i d - l i q u i d  s y s t e m  a n d  ( c )  i n c r e m e n t a l  o r  c o n t i n u o u s  
t i t r a t i o n  c a l o r i m e t e r  f o r  e n t h a l p y  m e a s u r e m e n t  o f  p r o t o n  i o n i z a t i o n ,  m e t a l  
l i g a n d  i n t e r a c t i o n  a n d  e q u i l i b r i u m  c o n s t a n t  d e t e r m i n a t i o n s .  I n  t h i s  w o r k  
t h e  T r o n a c  5 5 0  w a s  u s e d  a s  a n  i s o p e r i b o l  c a l o r i m e t e r  i n  w h i c h  t h e  
t e m p e r a t u r e  o f  t h e  c o n t e n t s  i n  r e a c t i o n  v e s s e l  ( m a i n t a i n e d  i n  a  c o n s t a n t  
t e m p e r a t u r e  e n v i r o n m e n t ) ,  i s  m e a s u r e d .
T h e  c a l o r i m e t r i c  d a t a  h a s  a  p r e c i s i o n  o f  1 - 2 % .  T h e  t e m p e r a t u r e  c h a n g e  
( h e a t  e v o l u t i o n  o r  a b s o r p t i o n )  i s  m e a s u r e d  b y  m e a n s  o f  a  t h e r m i s t o r  
i n c o r p o r a t e d  i n t o  a  W h e a t s t o n e - b r i d g e  c i r c u i t .  T h e  i n s t r u m e n t  c a n  b e  
d i v i d e d  i n t o  t w o  m a in  p a r t s ,  t h e  e l e c t r o n i c  a s s e m b l y  a n d  t h e  c a l o r i m e t e r  
a s s e m b l y .
T h e  e l e c t r o n i c  a s s e m b l y  c o n s i s t s  o f  a  W h e a t s t o n e  b r i d g e ,  h e a t e r  
c i r c u i t  a n d  p o w e r  s u p p l y .  T h e r e  a r e  e l e v e n  h e a t i n g  r a t e s  a v a i l a b l e  f o r  
s e l e c t i o n  ( 0 . 1  -  2 0 0  m c a l / s )  u s i n g  t h e  p o w e r  s e l e c t  s w i t c h .  T h e  b r i d g e
2 . 3  C A L O R IM E T R IC  S T U D IE S
v o l t a g e  i s  a d j u s t a b l e  f r o m  1.5 - 15 V a n d  i s  m o n i t o r e d  o n  t h e  d i g i t a l  
v o l t m e t e r  ( DVM) .  A s  t h e  b r i d g e  v o l t a g e  i n c r e a s e s ,  t h e  t h e r m i s t o r  
s e n s i t i v i t y  i n c r e a s e s  a n d  a  v o l t a g e  o f  5.0 -  7.0 V r e c o m m e n d e d  f o r  o p t im u m  
r e s u l t s  w a s  u s e d .  T h e  h e a t i n g  p o w e r  o f  t h e  r e a c t i o n  w a s  m e a s u r e d  d i r e c t l y  
b y  m o n i t o r i n g  t h e  v o l t a g e s  a c r o s s  t h e  s t a n d a r d  r e s i s t o r  ( h e a t e r  c u r r e n t )  
a n d  c a l i b r a t i o n  r e s i s t a n c e  h e a t e r  r e s p e c t i v e l y  ( h e a t e r  v o l t a g e )  d u r i n g  a n  
e l e c t r i c a l  c a l i b r a t i o n  r u n .  R e s i s t a n c e  o f  s t a n d a r d  r e s i s t o r  a t  25°c i s  
1 0 0 .0 2  ± 0 .0 1 -n - .
T h e  c a l o r i m e t e r  a s s e m b l y  c o n s i s t s  o f  a  c o n s t a n t  t e m p e r a t u r e  w a t e r  b a t h  
w i t h  a  w a t e r  c a p a c i t y  o f  5 5  l i t r e s ,  m o t o r  d r i v e n  s t i r r e r ,  c o o l e d - h e a t e r  
a s s e m b l y ,  b a t h  t e m p e r a t u r e  c o n t r o l  p r o b e  a n d  a  p r e c i s i o n  t e m p e r a t u r e  
c o n t r o l l e r  (P T C  -  4 0 )  m a i n t a i n s  t h e  b a t h  w i t h i n  ±  0 . 0 0 2 ° C .  T h e  i n s e r t  
a s s e m b l y  c o n s i s t s  o f  b u r e t t e  s y r i n g e ,  r e a c t i o n  v e s s e l ,  a n  i n s e r t  j u n c t i o n  
b o x  a n d  b u r e t t e  d r i v e  m o t o r .
T h e  r e a c t i o n  v e s s e l  i s  a  r a p i d  r e s p o n s e  g l a s s  v a c u u m  D e w a r  ( 5 0 m l ) .
T h e  a m p o u le  b r e a k e r  c o n s i s t s  o f  a  s t a i n l e s s  s t e e l  s t i r r i n g  b l a d e  a s s e m b l y  
s u p p l i e d  w i t h  4 0 0  r p m  s t i r r i n g  m o t o r ,  t h a t  h o l d s  t h e  a m p o u le  i n  s u c h  a  w a y  
t h a t  i t  d o e s  n o t  t o u c h  t h e  w a l l s  o f  t h e  r e a c t i o n  v e s s e l .  W hen a m p o u le  
b r e a k e r  o r  h a m m er  i s  r e l e a s e d  b y  b u r e t t e  a m p o u le  s w i t c h ,  t h e  a m p o u le  i s  
c r u s h e d  b e t w e e n  t h e  p l u n g e r  a n d  s t i r r i n g  b l a d e  a s s e m b l y .  G l a s s  a m p o u l e s  o f  
1 m l v o l u m e  w e r e  u s e d  a n d  s e a l e d  u s i n g  a  m o d e l  4 0 0 0  m i c r o f l a m e  t o r c h .
T h e  c a l o r i m e t e r  h e a d e r  s h a f t  c o m p r i s e s  t h e  s t i r r i n g  b l a d e  a s s e m b l y  
t o g e t h e r  w i t h  t h e r m i s t o r  a n d  h e a t e r .  T h e  b u r e t t e  h a s  a  2 . 5 m l  c a p a c i t y  
s y r i n g e  ± 0 . 1% a c c u r a c y ,  m a d e  o f  g l a s s  a n d  t e f l o n  w i t h  a t t a c h e d  m i c r o m e t e r .  
T h e  c a l o r i m e t e r  i s  a l s o  e q u i p p e d  w i t h  a n  o p t i o n a l  b a t c h  s y r i n g e  a t t a c h m e n t ?  
t h e  m o d e l  8 2 2  A w i t h  v a r i a b l e  e x t e r n a l  s t e p  i n p u t  0 - +  9 9 9  s t e p s / s .  T h e  
t i t r a n t  l i n e s  a r e  m a d e  o f  t e f l o n  a n d  K E L -F  p l a s t i c .  A  g l a s s  s t i r r e r  
c o n n e c t e d  t o  s t i r r i n g  m o t o r  ( 4 0 0  rp m ) w a s  u s e d  w h e n  t i t r a t i o n  r u n s  w e r e  
p e r f o r m e d .  A s t r i p  c h a r t - r e c o r d e r  w i t h  s u i t a b l e  s p a n  i s  c o n n e c t e d  a c r o s s
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t h e  r e c o r d e r  t e r m i n a l s .  T h e  l a t t e r  p r o v i d e  t h e  o u t p u t  v o l t a g e  f r o m  t h e  
W h e a t s t o n e  b r i d g e  w h i c h  i n d i c a t e s  t h e  c h a n g e  i n  t e m p e r a t u r e  f r o m  t h e  s e t  
p o i n t  f o r  t h e  r e a c t i o n  v e s s e l  c o n t e n t s .  T h e  h e a t i n g  i n t e r v a l  i s  a c c u r a t e l y  
m e a s u r e d  b y  W h a t s t o n e  t i m e r  c o n n e c t e d  t o  t h e  e l e c t r o n i c  a s s e m b l y .
2.3.2 Use of the Tronac 550 as a conventional solution calorimeter
Training for the use of the Tronac 550 was performed at the Chemistry 
Department, University of Stirling, Scotland.
The basic set-up procedure is outlined in the instruction manual181. 
The reaction vessel is filled with an accurately measured volume of solvent 
(50ml). Ampoule containing known weight of compound is sealed and fitted 
in the stirrer. The system is then immersed in the thermostatic bath so as 
to equilibriate for 1 5 - 2 0  min.
A n  i n i t i a l  t e m p e r a t u r e  v e r s u s  t i m e  s l o p e  o r  l e a d  p e r i o d  i s  t r a c e d  b y  
t h e  r e c o r d e r ,  a f t e r  w h i c h  t h e  h e a t e r  i s  t u r n e d  o n  f o r  a  d e f i n i t e  p e r i o d .  
A f t e r  t h e  h e a t i n g  p e r i o d  t h e  c a l o r i m e t e r  i s  a l l o w e d  t o  r u n  f o r  a  l e n g t h  o f  
t i m e  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  f i n a l  t e m p e r a t u r e  v e r s u s  t i m e  s l o p e  o r  
t r a i l  p e r i o d .  D u r i n g  t h e  t i m e  t h e  h e a t i n g  i s  o n  ( i . e . ,  t h e  r u n  p e r i o d ) ,  
t h e  h e a t e r  v o l t a g e  a n d  h e a t e r  c u r r e n t  a r e  m o n i t o r e d  u s i n g  t h e  d i g i t a l  
v o l t m e t e r .
Fig. 2.1 represents a typical resistance versus time trace recorded on 
chart recorder consisting of three stages: a) the pre-rating resistance 
time stage - lead period, b) variation during electrical heating or 
chemical reaction - run period, c) the post-rating resistance time stage - 
trail period.
T h e  r e s i s t a n c e - t i m e  p l o t  w a s  a n a l y s e d  b y  t h e  g r a p h i c a l  m e t h o d  d u e  t o  
D i c k i n s o n 1 8 2 .
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T h e  h e a t  c a p a c i t y  o f  t h e  c a l o r i m e t r i c  s y s t e m  c a n  b e  d e t e r m i n e d  f r o m  
t h e  t e m p e r a t u r e  c h a n g e  ( At c ) ,  m e a s u r e d  a s  d i s t a n c e  i n  m i l l i m e t e r s  ( d c ) o n  
t h e  t r a c e ,  a n d  t h e  a m o u n t  o f  h e a t  i n j e c t e d  i n t o  t h e  s y s t e m  ( Qc ) u s i n g  t h e  
r e l a t i o n :
E =  Qc /A T c =  Q c / d c  ( 2 . 1 )
Q c ,  t h e  h e a t  o f  c a l i b r a t i o n '  i s  c a l c u l a t e d  u s i n g  t h e  e q u a t i o n :
Qc  =  I 2 R t  ( 2 . 2 )
w h e r e  t  i s  t h e  t i m e  i n  s e c o n d s  d u r i n g  w h i c h  c u r r e n t  i s  p a s s e d , a n d  I 2 R i s
t h e  p o w e r  d i s s i p a t e d  i n  t h e  h e a t e r  a n d  g i v e n  b y  t h e  e q u a t i o n :
P V 1 X V2 ( 2 . 3 )
R
w h e r e  P i s  t h e  p o w e r  i n  J s ” 1 ,  V-j a n d  V2 a r e  t h e  v o l t a g e  r e a d i n g  i n  v o l t s  
t a k e n  i n  t h e  h e a t e r  c u r r e n t  p o s i t i o n  a n d  t h e  h e a t e r  v o l t a g e  p o s i t i o n / -  
r e s p e c t i v e l y ,  a n d  R i s  t h e  r e s i s t a n c e  i n  o h m s o f  t h e  s t a n d a r d  r e s i s t o r  a t  
2 5 ° C .
F o r  a  r e a c t i o n  r u n ,  t h e  h e a t  o f  r e a c t i o n ,  Q „ i s  c a l c u l a t e d  b y :
,* R
2 r  =  Y  x ^ <2 - 4 >
d,.
w h e r e  Q c  i s  t h e  c a l i b r a t i o n  h e a t  g i v i n g  a  c a l i b r a t i o n  d i s t a n c e  d c  a n d  d  i s
R
t h e  r e a c t i o n  d i s t a n c e  a s  m e a s u r e d  f r o m  t h e  t r a c e  i n  m i l l i m e t e r s .
T h e  e n t h a l p y  o f  r e a c t i o n  AH i s  t h e n  c a l c u l a t e d  f r o m :
R
AH _ =  Q /  ( n  x  4 . 1 8 4 )  c a l  m o l " 1 ( 2 . 5 )
R R
w h e r e  n  i s  t h e  n u m b e r  o f  m o le s  o f  c o m p o u n d  u s e d .
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All modern calorimetric methods are characterized by being comparative 
with the heat change occurring during a reaction being compared with that 
for a standard reaction. Electrical calibration is not as direct a 
comparison, as systematic errors exist between electrical calibration and 
the reaction. For this reason the use of a standard reaction for 
calorimetric calibration has long been employed.
T h e  s o l u t i o n  o f  K C l i n  w a t e r 2 2 7 ,  t h e  r e a c t i o n  o f  s u l p h u r i c  a c i d  w i t h  
e x c e s s  s o d iu m  h y d r o x i d e 2 2 3 , a n d  t h e  m o r e  a c c u r a t e  r e a c t i o n  o f  
t r i s ( h y d r o x y m e t h y l ) m e t h y l a m i n e  w i t h  h y d r o c h l o r i c  a c i d 2 1 8 ' 2 2 3 ,  a r e  c o m m o n ly  
u s e d  s t a n d a r d  r e a c t i o n s .
T h e  r e q u i r e m e n t s  f o r  a  s t a n d a r d  r e a c t i o n  h a v e  b e e n  e x a m i n e d  b y  G u n n 217 
a n d  r e f e r  t o  a  r a p i d ,  e x o t h e r m i c  n o n - g a s  l i b e r a t i n g  a n d  h i g h l y  p r e c i s e  
r e a c t i o n .  I n  t h i s  w o r k ,  t h e  r e a c t i o n  o f  t r i s  ( h y d r o : x y m e t h y l ) m e t h y l a m i n e  
w i t h  h y d r o c h l o r i c  a c i d  i s  d e t e r m i n e d  a n d  u s e d  a s  t h e  c h e m i c a l  s t a n d a r d .  
R e s u l t s  f o r ' t h e  r e a c t i o n  o f  t r i s ( h y d r o x y m e t h y l J m e t h y l a m i h e ;  ( T h a m ) ,  w i t h  
h y d r o c h l o r i c  a c i d  ( 0 . 1  m o l  dm "3 ) a r e  g i v e n  i n  t a b l e  2 . 1 .  I n  t h e  
c a l o r i m e t r i c  m e a s u r e m e n t ,  ( ~ 0 . 2 5 g )  i s  r e a c t e d  w i t h  HCL ( 5 0 m l ?  0 . 1  m o l  dm "3 ) 
a n d  h e a t  c h a n g e  d e t e r m i n e d  a s  d e s c r i b e d  i n  e x p e r i m e n t a l  s e c t i o n .
( a )  C a l i b r a t i o n  w i t h  a  c h e m i c a l  s t a n d a r d
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T a b l e  2 . 1  E n t h a l p y  o f  r e a c t i o n  o f  T h a m  i n  h y d r o c h l o r i c  a c i d  ( 0 . 1  m o l  dm” 3 )
a t  2 9 8  K
s a m p l e w e i g h t  o f  T h a m /g AH
c a l  m o l ” 1
1 0 . 2 6 1 - 7 0 9 7
2 0 . 2 6 0 - 7 0 7 5
3 0 . 2 5 8 - 7 0 8 3
4 0 . 2 5 6 - 7 1 1 6
5 0 . 2 5 2 - 7 1 1 3
6 0 . 2 4 8 - 7 0 9 2
7 0 . 2 4 1
o
A v e r a g e  v a l u e ,  A H S =  - 7 0 9 6  ±  15 c a l  m o l ” '
- 7 0 9 6
T a b l e  2 . 2  c o n t a i n s  l i t e r a t u r e  v a l u e s  f o r  t h e  s t a n d a r d  e n t h a l p y  o f  
r e a c t i o n  o f  T h a m  w i t h  H C 1 ( 0 . 1  m o l  dm” 3 ) a n d  t h a t  o b t a i n e d  i n  t h i s  w o r k .
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T a b l e  2 . 2  S t a n d a r d  e n t h a l p y  o f  r e a c t i o n  o f  T h a m  w i t h  s o l u t i o n  o f  
h y d r o c h l o r i c  a c i d  ( 0 . 1  m o l  dm” 3 ) a t  2 9 8  K .
A H °
c a l  m o l" •1
A u t h o r R e f e r e n c e
- 7 1 0 7 ± 4 I r v i n g  a n d  W a d s o 2 1 6
- 7 1 0 7 ± 1 G u n n 2 1 7
- 7 1 1 4 ± 2 K i l d a y  a n d  P r o s e n 2 1 8
- 7 1 1 2 ± 2 S u n n e r  a n d  W a d s o 2 1 9
- 7 1 1 2 ± 2 I r v i n g  a n d  W a d so 2 1 8
- 7 1 1 2 ± 4 O j e l u n d  a n d  W a d s o 221
- 7 1 0 4 + 8 M o r t i m e r  a n d  B e e z e r 2 1 8
- 7 1 1 0 ± 1 I r v i n g  a n d  S o n s a 2 1 8
- 7 1 0 9 ± 1 H i l l  e t  a l 222
- 7 1 0 7 ± 1 G u n n 2 2 3
- 7 1 1 5 ± 1 P r o s e n 2 1 8
- 7 1 1 2 ± 6 R i b e r i o  d a  S i l v a 2 1 8
- 7 1 1 0 ± 4 H .  N .  B i d o k h t i 2 1 8
- 7 1 0 4 ± 13 A .  N a s o h z a d e h  -  E k h t i a r a b a b y 2 2 4
- 7 1 0 2 X 11 M.  C h a l o o s i 2 2 5
- 7 0 9 6 ± 17 T h i s  w o r k
T h i s  v a l u e ,  AH S (T h a m ) =  - 7 0 9 6  ±  17  c a l  m o l ” 1,  c o m p a r e s  w e l l  w i t h  
v a l u e s  p r e v i o u s l y  r e p o r t e d  f o r  c h e m i c a l  s t a n d a r d  T h a m . I t  s h o u l d  h o w e v e r ,  
b e  p o i n t e d  o u t  t h a t  t h e  l i t e r a t u r e  v a l u e s  r e f e r  t o  c a l o r i m e t r i c  m e a s u r e ­
m e n t s  u s i n g  t h e  LKB c a l o r i m e t e r  a n d  n o t  t h e  T r o n a c .
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T i t r a t i o n  c a l o r i m e t r y  i s  a  t e c h n i q u e  d e v e l o p e d  a n d  a p p l i e d  e x t e n s i v e l y  
b y  C h r i s t e n s e n  a n d  I z a t t  f o r  t h e  m e a s u r e m e n t  o f  t h e r m o d y n a m i c  p a r a m e t e r s  
l o g  K , AH a n d  A s  f o r  m e t a l  - i o n  a n d  l i g a n d  c o m p l e x a t i o n .  D e t a i l e d  
d e s c r i p t i o n s  o f  t h e  m e t h o d ,  t e c h n i q u e  a n d  a n a l y s i s  o f  e x p e r i m e n t a l  d a t a  a r e  
a v a i l a b l e  i n  t h e  l i t e r a t u r e 1 5 2 ' 1 8 ° / 2 0 7 #
T h e  t e c h n i q u e  i n v o l v e s  t h e  t i t r a t i o n  o f  a  v o l u m e  o f  r e a c t a n t ,  i n t o  
a n o t h e r  r e a c t a n t  u n d e r  c o n d i t i o n s  a s  a d i a b e t i c  a s  p o s s i b l e ,  a n d  t h e  
c o r r e s p o n d i n g  t e m p e r a t u r e  c h a n g e  i n  t h e  s y s t e m  m e a s u r e d  a s  a  f u n c t i o n  o f  
t h e  v o l u m e  o f  t i t r a n t  a d d e d .  T h e  t i t r a n t  m ay b e  a d d e d  i n  t w o  w a y s ;  
i n c r e m e n t a l l y  o r  c o n t i n u o u s l y .  T h e  i n c r e m e n t a l  t i t r a t i o n  m e t h o d  r e q u i r e s  
t h a t  t h e  s y s t e m  b e  r e a d j u s t e d  t o  t h e  i n i t i a l  t e m p e r a t u r e  b e f o r e  t h e  
a d d i t i o n  o f  e a c h  i n c r e m e n t  o f  t i t r a n t ,  a n d  i s  g e n e r a l l y  a p p l i e d  t o  s y s t e m s  
i n  w h i c h  r e a c t i o n s  o c c u r  s l o w l y  ( a  c o u p l e  o f  h o u r s  t o  t w o  d a y s ) .
I n  t h e  c o n t i n u o u s  m e t h o d ,  t h e  t i t r a n t  i s  a d d e d  a t  a  c o n s t a n t  r a t e  
d u r i n g  a n  e x p e r i m e n t a l  r u n  a n d  w i l l  g i v e  a  c o m p l e t e  r e c o r d  o f  a l l  h e a t  
e f f e c t s  a s s o c i a t e d  w i t h  t h e  r e a c t i o n .  T h i s  m e t h o d  h o w e v e r  m ay o n l y  b e  
a p p l i e d  t o  s y s t e m s  i n  w h i c h  s p o n t a n e o u s  r e a c t i o n  o c c u r s ,  a n d  r e q u i r e s  t h e  
r a p i d  r e s p o n s e  o f  c a l o r i m e t r i o  e q u i p m e n t  t o  t e m p e r a t u r e  c h a n g e .  T h e  T r o n a c  
5 5 0  m o d e l  c a l o r i m e t e r  w a s  e m p l o y e d  i n  t h i s  w o r k ,  a n d  c o n t i n u o u s  t i t r a t i o n  
m e t h o d  a p p l i e d  i n  t h e  m e a s u r e m e n t  o f  e n t h a l p y  c h a n g e s  f o r  c o m p l e x a t i o n  
r e a c t i o n s .
E x p e r i m e n t a l  d a t a  o b t a i n e d  u s i n g  t i t r a t i o n  c a l o r i m e t r i c  m e t h o d  i s  i n  
t h e  f o r m  o f  a  t h e r m o g r a m .  T h e  l a t t e r  i s  a  p l o t  o f  t e m p e r a t u r e  v e r s u s  m o l e s  
o f  t i t r a n t  a d d e d  a n d  w a s  t r a c e d  u s i n g  a  s e r v o s c r i b e  s t r i p  c h a r t  r e c o r d e r .  
F i g .  2 . 1  r e p r e s e n t s  a  t y p i c a l  t h e r m o g r a m  o b t a i n e d  f r o m  a  c o n t i n u o u s  
t i t r a t i o n  r u n .  R e g i o n s  a  a n d  c  o f  t h e  t h e r m o g r a m  r e f e r  t o  t h e  l e a d  a n d
2 . 3 . 3  T i t r a t i o n  C a l o r i m e t r y
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Fig. 2.1 Thermogram (a) lead period; pre-reaction
period
(b) Reaction region (addition of 
titrant)
(c) trail period; post-reaction 
period
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t r a i l  p e r i o d ,  t h a t  i s  t h e  e n e r g y  c h a n g e  d u e  t o  n o n - c h e m i c a l  h e a t  e f f e c t s  
a s s o c i a t e d  w i t h  s t i r r i n g ,  r e s i s t a n c e  h e a t i n g  o f  t h e  t h e r m i s t o r  a n d  h e a t  
l o s s e s  b e t w e e n  t h e  r e a c t i o n  v e s s e l  a n d  i t s  s u r r o u n d i n g s .  R e g i o n  b , r e f e r s  
t o  t h e  p e r i o d  d u r i n g  w h i c h  t i t r a n t  i s  a d d e d  t o  t h e  r e a c t i o n  v e s s e l ?  t h a t  i s  
t h e  e n e r g y  c h a n g e  d u e  t o  n o n - c h e m i c a l  h e a t  e f f e c t s  g i v e n  i n  r e g i o n s  a  a n d  
c ,  d i l u t i o n  o f  t i t r a n t  a n d  t i t r a t e , a n d  c h e m i c a l  r e a c t i o n  b e t w e e n  t i t r a n t  
a n d  t i t r a t e .  T h e  t h e r m o g r a m  w a s  a n a l y s e d  b y  D i c k i n s o n ' s 182 m e t h o d  t o  
e v a l u a t e  t h e  t e m p e r a t u r e  c h a n g e  i n  t h e  s y s t e m  d u r i n g  a  t i t r a t i o n  r u n .
( a )  E l e c t r i c a l  c a l i b r a t i o n  f o r  d e t e r m i n a t i o n  o f  t h e  h e a t  c a p a c i t y  o f  t h e  
r e a c t i o n  v e s s e l  a n d  i t s  c o n t e n t s .
T h e  e x p e r i m e n t a l  d a t a  o b t a i n e d  i n  a  c a l o r i m e t r i c  t i t r a t i o n  r u n  m u s t  b e
c o m b i n e d  w i t h  t h e  t o t a l  h e a t  c a p a c i t y  o f  t h e  s y s t e m  t o  c a l c u l a t e  t h e  h e a t
o f  r e a c t i o n  (Q ) .  I n  t i t r a t i o n  c a l o r i m e t r y ,  t h e  t o t a l  h e a t  c a p a c i t y  o f  t h e  R
s y s t e m  d u r i n g  a n  e x p e r i m e n t a l  r u n  v a r i e s  l i n e a r l y  w i t h  t h e  v o l u m e  o f  
t i t r a n t  a d d e d .
T h e  e n e r g y  e q u i v a l e n t ,  o r  h e a t  c a p a c i t y  c a n  b e  d i r e c t l y  m e a s u r e d  f o r  
e a c h  s y s t e m  b e f o r e  a n d  a f t e r  e a c h  a d d i t i o n  o f  t i t r a n t  b y  e l e c t r i c  
c a l i b r a t i o n .  F o r  t h i s ,  e l e c t r i c  h e a t  i s  i n t r o d u c e d  o v e r  a  p r e c i s e l y  t i m e d  
i n t e r v a l  a n d  t e m p e r a t u r e  c h a n g e  i n  t h e  s y s t e m  m e a s u r e d .  T h e  a v e r a g e  o f  t h e  
i n i t i a l  a n d  f i n a l  h e a t  c a p a c i t y  w i l l  t h e n  r e p r e s e n t  t h e  t o t a l  h e a t  c a p a c i t y  
o f  t h e  r e a c t i o n  v e s s e l  a n d  i t s  c o n t e n t s .  T h i s  m e t h o d  a l t h o u g h  s o m e w h a t  
t e d i o u s ,  i s  t h e  m o s t  a c c u r a t e  f o r  d e t e r m i n i n g  t h e  h e a t  c a p a c i t y  o f  t h e  
r e a c t i o n  v e s s e l  a n d  i t s  c o n t e n t s ,  a n d  i s  t h a t  u s e d  f o r  e v a l u a t i n g  a l l  
e x p e r i m e n t a l  d a t a  i n  t h i s  w o r k .
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(b) Calibration of the burette delivery rate
A p r e c i s i o n  c o n s t a n t  r a t e  b u r e t t e  i s  u s e d  i n  c o n t i n u o u s  t i t r a t i o n  
c a l o r i m e t r y  f o r  t h e  a d d i t i o n  o f  t i t r a n t  a t  a. f i x e d  r a t e  d u r i n g  a  r e a c t i o n  
r u n .  I n  o r d e r  t o  c a l c u l a t e  t h e  e n t h a l p y  c h a n g e  ( AH)  f r o m  t h e  o b s e r v e d  h e a t  
o f  r e a c t i o n  a n d  m o l e s  o f  t i t r a n t  a d d e d  d u r i n g  a  t i t r a t i o n  e x p e r i m e n t ,  t h e  
b u r e t t e  d e l i v e r y  r a t e  m u s t  b e  a c c u r a t e l y  m e a s u r e d . '
T h e  b u r e t t e  w a s  c a l i b r a t e d  a s  d e s c r i b e d  i n  t h e  T r o n a c  L a b o r a t o r y  
M a n u a l207  f o r  t i t r a t i o n  c a l o r i m e t r y  e x p e r i m e n t s ,  u s i n g  d i s t i l l e d  w a t e r .
T h e  b u r e t t e  w a s  f i l l e d  w i t h  d i s t i l l e d  w a t e r  c a r e f u l l y  e n s u r i n g  n o  a i r  
b u b b l e s  w e r e  t r a p p e d  i n  t h e  b u r e t t e  o r  t i t r a n t  l i n e s .  W a t e r  w a s  t h e n  
d e l i v e r e d  f o r  a c c u r a t e l y  t i m e d  i n t e r v a l s  i n t o  a  r e a c t i o n  v e s s e l ,  a n d  
w e i g h e d .
T h e  b u r e t t e  d e l i v e r y  r a t e  ( BDR)  c o u l d  t h e n  b e  c a l c u l a t e d  f r o m :
BDR =  w /p .B  ( 2 . 6 )
w h e r e  w i s  t h e  w e i g h t  o f  w a t e r  i n  g ,  / °  i s  t h e  d e n s i t y  o f  w a t e r  a t  
t e m p e r a t u r e  o f  c a l i b r a t i o n  ( P  -  0 . 9 9 7 0  g  cm " 3 a t  2 5 ° C )  a n d  0  t h e  t i m e  i n  
s e c o n d s  f o r  w h i c h  w a t e r  w a s  d e l i v e r e d .  T h e  b u r e t t e  d e l i v e r y  r a t e  (BDR) a s  
d e t e r m i n e d  f r o m  s e v e r a l  c a l i b r a t i o n s  =  ( 6 . 5 2  ±  0 . 0 3 )  x  1 0 " 3 m l / s ,  a n d  i s  
i n d e p e n d e n t  o f  t h e  a m o u n t  d e l i v e r e d .
( c )  C h e m i c a l  c a l i b r a t i o n
E l e c t r i c a l  c a l i b r a t i o n s  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  h e a t  c a p a c i t y  o f  
t h e  c a l o r i m e t e r  r e a c t i o n  v e s s e l  a n d  i t s  c o n t e n t s  a r e  u s u a l l y  c h e c k e d  
a g a i n s t  a  c h e m i c a l  r e a c t i o n  w h e r e  t h e  e n t h a l p y  c h a n g e  i s  w e l l  k n o w n . T h i s  
g i v e s  a  m e a s u r e  o f  t h e  a c c u r a c y  a n d  r e p r o d u c i b i l i t y  o f  t h e  c a l o r i m e t r i c  
e q u i p m e n t .  F o r  t h e  p u r p o s e  o f  t h i s  w o r k ,  t h e  h e a t  o f  p r o t o n a t i o n  o f  T ham
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w i t h  h y d r o c h l o r i c  a c i d  i n  d i l u t e  a q u e o u s  s o l u t i o n  w a s  d e t e r m i n e d :
T h a m  +  H+ =  T h a m  H+ AH =  - 1 1 . 3 5  c a l  m o l ” 1 ( 2 . 7 )
T h e  m e t h o d  u s e d  w a s  t h a t  d e s c r i b e d  i n  L a b o r a t o r y  M a n u a l  f o r  
T h e r m o m e t r i c  T i t r i m e t r y  a n d  T i t r a t i o n  C a l o r i m e t r y 2 0 7 . T h am  p u r i f i e d  a s  
d e s c r i b e d  i n  E x p e r i m e n t a l  S e c t i o n  2 . 1 . 1 ,  w a s  d r i e d  i n  a n  o v e n  a t  1 2 0 ° c  f o r  
t h r e e  h o u r s .
A s o l u t i o n  ( ~ 0 . 1  m o l  dm” 3 ) w a s  p r e p a r e d  b y  d i s s o l v i n g  a n  a c c u r a t e l y  
w e i g h e d  s a m p l e  o f  T h am  ( / v 0 . 3 g )  i n  f r e s h  d i s t i l l e d  w a t e r  ( 2 5 0  m l )  a n d  
s o l u t i o n  s t o r e d  u n d e r  a  n i t r o g e n  a t m o s p h e r e  i n  a  d r y  b o x .  T h e  g r o s s  h e a t  
v a l u e  (Q ) f o r  r e a c t i o n  o f  2 m l ( 0 . 4  m o l  dm"3 ) s t a n d a r d  HC1 s o l u t i o n ,  a d d e d  
t o  5 0 m l  ( 0 . 1  m o l  dm” 3 ) T h a m  s o l u t i o n  i n  r e a c t i o n  v e s s e l ,  w a s  d e t e r m i n e d .
T h e  g r o s s  h e a t  v a l u e  (Q ) w a s  c o r r e c t e d  f o r  h e a t  o f  d i l u t i o n  o f  H C1 a n d  
h y d r o l y s i s  o f  T h a m  i n  s o l u t i o n .  T h e  d i l u t i o n  c o r r e c t i o n ;  Qq , w a s
c a l c u l a t e d  f r o m :
Qd  =  A H p  x  ( m o l e s  HC1 a d d e d )  ( 2 . 8 )
w h e r e  t h e  - h e a t  o f  d i l u t i o n  o f  H C l i n  a q u e o u s  s o l u t i o n 2 2 6 ,  Ah d  =  - 1 9 5  c a l
m o l ” 1 . T h e  h y d r o l y s i s  o f  T h a m , r e p r e s e n t e d  b y  t h e  e q u a t i o n :
T h a m  +  H2 0  ------- > T ham  H + +  [O H"] ( 2 . 9 )
p r o d u c e s  a  h e a t  e f f e c t  w h o s e  v a l u e  i s  c a l c u l a t e d  f r o m :
QH2 0  =  [ o r , i V i A H »  < 2 - 1 0 )
w h e r e  i s  t h e  i n i t i a l  v o l u m e  o f  T h a m  s o l u t i o n  i n  t h e  r e a c t i o n  v e s s e l ,
AHw =  - 1 3 . 3 4  K c a l  m o l " 1 i s  t h e  h e a t  o f  f o r m a t i o n  o f  w a t e r ,  a n d  [O H " 3^  i s  
t h e  i n i t i a l  c o n c e n t r a t i o n  o f  OH" i o n s  i n  a q u e o u s  s o l u t i o n .
[ O H " ] i  c a n  b e  c a l c u l a t e d  f r o m  e q u a t i o n :
[O H " ]±  = /K H [T h a m ]T ( 2 . 1 1 )
s o l u t i o n .
i n  w h i c h  l o g  1 ^ =  - 5 . 9 2 9 ,  a n d  [ T h a m ] T /  i s  t h e  t o t a l  c o n c e n t r a t i o n  o f  T h a m  i n
•*
H a v i n g  o b t a i n e d  t h e  h e a t  v a l u e  c o r r e c t e d  f o r  d i l u t i o n  a n d  h y d r o l y s i s  
e f f e c t s  ( Q c )# t h e  h e a t  o f  p r o t o n a t i o n  o f  T ham  ( AHp )  m ay  b e  c a l c u l a t e d  f r o m :
\ h a r n  ( 2 - 1 2 >
w h e r e  n  i s  t h e  n u m b e r  o f  m o l e s  o f  p r o t o n a t e d  T h a m  d u e  t o  a d d i t i o n  o f  
T h a m
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H C I .  T h a t  i s
n m, =  [Tham]m -  [0 H “ ] ( 2 . 1 3 )Tham T
R e s u l t s  o b t a i n e d  f o r  t h e  h e a t  o f  p r o t o n a t i o n  o f  T h a m  a r e  g i v e n  i n  
t a b l e  2 . 3 .  A v a l u e  o f  - 1 1 . 3 4  K c a l  m o l” 1 w a s  o b t a i n e d  i n  g o o d  a g r e e m e n t  
w i t h  t h e  v a l u e  o f  - 1 1 . 3 5  K c a l  m o l " 1 f o r  A H p (T h a m ) r e p o r t e d  b y  C h r i s t e n s e n
2 0 7e t  a l
T a b l e  2 . 3  D e t e r m i n a t i o n  o f  h e a t  o f  p r o t o n a t i o n  o f  T h a m ;A H p  a t  2 9 8  K i n  
K c a l  m o l" 1
a  b
R u n  n o .  Q / c a l  Qc / c a l  AHp / K c a l  m o l " 1
1 5 . 7 6  5 . 5 5  - 1 1 . 3 4
2 5 . 7 6  5 . 5 5  - 1 1 . 3 4
3 5 . 6 6  5 . 4 7  - 1 1 . 1 7
4  5 . 7 7  5 . 5 5  - 1 1 . 3 4
A v e r a g e  H p =  - 1 1 . 3 0  ±  0 . 0 9  K c a l  m o l” 1
( a )  Q =  g r o s s  h e a t  v a l u e  i . e . ,  n e t  h e a t  r e s u l t i n g  f r o m  d i l u t i o n  o f  H C l
t i t r a n t ,  f r o m  f o r m a t i o n  o f  w a t e r ,  f r o m  t h e  OH" p r e s e n t  d u e  t o  
h y d r o l y s i s  o f  T h a m  i n  t h e  a q u e o u s  s o l u t i o n ,  a n d  f r o m  t h e  p r o t o n a t i o n  
o f  u n h y d r o l y z e d  T h a m .
C o n c e n t r a t i o n  o f  T h a m  u s e d  =  0 . 0 0 9 9  m o l  dm" 3
C o n c e n t r a t i o n  H C l s o l u t i o n  =  0 . 3 9 7  m o l  dm" 3 a s  s t a n d a r d i s e d  a g a i n s t  
0 . 5  m o l  dm" 3 s o d i u m  h y d r o x i d e  s o l u t i o n .
( b )  Qc  =  h e a t  a f t e r  c o r r e c t i o n  o f  Q f o r  d i l u t i o n  a n d  h y d r o l y s i s  e f f e c t s .
( c )  AHp? h e a t  o f  p r o t o n a t i o n  o f  T h a m .
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N o n - c h e m i c a l  h e a t  e f f e c t s  s u c h  a s  t h a t  d u e  t o  s t i r r i n g  o f  s o l u t i o n ,  
r e s i s t a n c e  h e a t i n g  o f  t h e r m i s t o r ,  a n d  t e m p e r a t u r e  d i f f e r e n c e  b e t w e e n  t h e  
r e a c t i o n  v e s s e l  a n d  s u r r o u n d i n g s  w e r e  n o t  c o r r e c t e d  f o r  i n  t h i s  w o r k  a s  i t  
w a s  a s s u m e d  t h a t  a l l  a r e  n e g l i g i b l e ,  a n d  t h a t  t h e  h e a t  o f  s t i r r i n g  i s  
c o n s t a n t  d u e  t o  a  c o n s t a n t  s t i r r i n g  s p e e d  t h r o u g h o u t  t h e  c a l o r i m e t r i c  
e x p e r i m e n t s .
D u r i n g  a  t i t r a t i o n  r u n ,  h o w e v e r  a  s i g n i f i c a n t  h e a t  e f f e c t  w i l l  r e s u l t  
i f  t h e  t e m p e r a t u r e  o f  t h e  t i t r a n t  a n d  t i t r a t e  a r e  n o t  t h e  s a m e .  W hen t h e  
t e m p e r a t u r e  o f  t h e  t i t r a t e  i s  h i g h e r  t h a n  t h a t  o f  t h e  t i t r a n t  a n  
e n d o t h e r m i c  h e a t  e f f e c t  w i l l  o c c u r  a s  t h e  c o l d e r  t i t r a n t  i s  a d d e d .  
C o n v e r s e l y ,  a n  e x o t h e r m i c  h e a t  e f f e c t  w i l l  r e s u l t  w h e n  t h e  t i t r a t e  i s  
c o l d e r  t h a n  t h e  t i t r a n t .  C o r r e c t i o n  f o r  t h i s  h e a t  e f f e c t  i s  a v o i d e d  b y  
i n i t i a t i n g  t i t r a t i o n  w h e n  t h e  c o n t e n t s  o f  t h e  r e a c t i o n  v e s s e l  a n d  t h a t  o f  
b u r e t t e ,  a r e  a t  b a t h  t e m p e r a t u r e .  F o r  t h i s ,  t h e  d i g i t a l  v o l t m e t e r  i s  s e t  
t o  r e a d ; z e r o ,  w h e n  t h e  t h e r m i s t o r  a n d  h e a t e r  a r e  i m m e r s e d  i n  t h e  w a t e r  
b a t h .  C o n s e q u e n t l y ,  w h e n  t h e  r e a c t i o n  v e s s e l  c o n t e n t s  a r e  a t  b a t h  
t e m p e r a t u r e  a  z e r o  r e a d i n g  w i l l  b e  o b t a i n e d  o n  t h e  d i g i t a l  v o l t m e t e r  a t  
w h i c h  p o i n t  t h e  t i t r a t i o n  i s  i n i t i a t e d .  R e a c t i o n  v e s s e l  a n d  b u r e t t e  
c o n t e n t s  w e r e  a l l o w e d  2 0 - 2 5  m i n u t e s  t o  e q u i l i b r i a t e  t o  b a t h  t e m p e r a t u r e  
e a c h  t i m e  b e f o r e  a d d i t i o n  o f  t i t r a n t  t o  t i t r a t e  w a s  i n i t i a t e d .
Another heat effect that requires correction is that of dilution of 
titrant and titrate during a calorimetric run. The heat effects due to 
dilution of titrant or titrate were measured experimentally, and 
corrections applied to the gross heat value obtained for reaction, wherever 
required.
( d )  C o r r e c t i o n s
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T h e  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  2 2 2  i n  t h e  s o l v e n t s  
N / N - d i m e t h y I f o r m a m i d e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y l e n e  c a r b o n a t e  a n d  
n i t r o m e t h a n e ,  w a s  d e t e r m i n e d  b y  t i t r a t i n g  s o l u t i o n s  o f  t h e  l i g a n d  a t  
d i f f e r e n t  c o n c e n t r a t i o n s ,  i n t o  r e a c t i o n  v e s s e l  c o n t a i n i n g  t h e  s o l v e n t .  
S i m i l a r l y  t h e  h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e s  i n  n i t r o m e t h a n e ,  w a s  
d e t e r m i n e d  b y  t i t r a t i n g  d i f f e r e n t  v o l u m e s  o f  s o l v e n t  i n t o  r e a c t i o n  v e s s e l  
c o n t a i n i n g  d i f f e r e n t  c o n c e n t r a t i o n s  o f  e l e c t r o l y t e  s o l u t i o n .
2 . 3 . 4  H e a t  o f  s o l u t i o n  m e a s u r e m e n t s
I n  t h e  g e n e r a l  c a s e ,  t h e  s e a l e d  a m p o u le  c o n t a i n i n g  s o l i d  a c c u r a t e l y  
w e i g h e d  t o  0 . 0001g ,  w a s  b r o k e n  i n t o  t h e  r e a c t i o n  v e s s e l  c o n t a i n i n g  m e a s u r e d  
v o l u m e  o f  s o l u t i o n  ( 5 0 m l ) .  A b o u t  3 0  m i n u t e s  w a s  a l l o w e d  f o r  t h e  s y s t e m  t o  
e q u i l i b r i a t e  t o  b a t h  t e m p e r a t u r e  b e f o r e  t h e  r u n  w a s  c o m m e n c e d .
T h e  c a l o r i m e t e r  w a s .  a l l o w e d  t o  r u n  f o r  a  p e r i o d  o f  t i m e  d u r i n g  w h i c h  a  
t r a c e  o f  i n i t i a l ,  o r  l e a d  ( t e m p e r a t u r e  v e r s u s  t i m e )  s l o p e  w a s  r e c o r d e d  o n  a  
s t r i p  c h a r t  r e c o r d e r .  T h e  a m p o u le  w a s  t h e n  b r o k e n  a n d  t h e  r e a c t i o n  t r a c e d  
b y  t h e  r e s i s t a n c e  c h a n g e  i n  t h e  t h e r m i s t o r .  A f t e r  t h i s  t h e  c a l o r i m e t e r  w a s  
a l l o w e d  t o  r u n  f o r  a  l e n g t h  o f  t i m e  t o  g i v e  a  t r a c e  o f  a f t e r  o r  t r a i l  
p e r i o d  t e m p e r a t u r e  v e r s u s  t i m e  s l o p e .
A n  e l e c t r i c a l  c a l i b r a t i o n  w a s  p e r f o r m e d  b y  i n t r o d u c i n g  a  q u a n t i t y  o f  
e l e c t r i c  h e a t  a p p r o x i m a t e l y  e q u a l  i n  a m o u n t  t o  t h e  e n e r g y  c h a n g e  o f  t h e  
s y s t e m  d u e  t o  c h e m i c a l  r e a c t i o n .  B o t h  f o r  e x o -  a n d  e n d o t h e r m i c  r e a c t i o n s ,  
e l e c t r i c a l  c a l i b r a t i o n s  w e r e  p e r f o r m e d  a f t e r  t h e  c h e m i c a l  r e a c t i o n .  T h e  
g r o s s  h e a t  v a l u e  w a s  c o r r e c t e d  f o r  h e a t  e f f e c t  d u e  t o  b r e a k i n g  a m p o u l e s .
T h e  e n t h a l p y  c h a n g e  ( AH )  o f  r e a c t i o n  i s  c a l c u l a t e d  f r o m :
AH  =  QCo r r / n  ( 2 . 1 4 )
w h e r e  Q c o r r  i s  t h e  h e a t  o f  r e a c t i o n  a f t e r  c o r r e c t i o n  f o r  a m p o u le  b r e a k  a n d  
n ;  t h e  m o l e s  o f  s a m p l e .
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E n t h a l p i e s  f o r  c o m p l e x i n g  o f  a  m e t a l  c a t i o n  w i t h  l i g a n d  ( c r y p t a n d  2 2 2 )  
w e .r & m e a s u r e d  b y  t w o  m e t h o d s .  I n  a  g e n e r a l  c a s e  u s i n g  t i t r a t i o n  
c a l o r i m e t r y ,  t h e  b u r e t t e  w a s  f i l l e d  w i t h  a  s o l u t i o n  o f  t h e  l i g a n d  p r e p a r e d  
a n d  a n a l y s e d  p r e v i o u s l y ,  e n s u r i n g  n o  a i r  b u b b l e s  w e r e  t r a p p e d  i n  t h e  
b u r e t t e  a n d  t i t r a n t  l i n e s .  A s o l u t i o n  o f  m e t a l  s a l t  ( 5 0 m l )  w a s  a d d e d  t o  
r e a c t i o n  v e s s e l  u s i n g  a  c a l i b r a t e d  p i p e t t e  a n d  t h e  w h o l e  c a l o r i m e t r i c  
s y s t e m  l o w e r e d  i n t o  t h e  w a t e r  b a t h  t o  e q u i l i b r i a t e  f o r  a t  l e a s t  3 0  
m i n u t e s .  E l e c t r i c a l  c a l i b r a t i o n  w a s  p e r f o r m e d  t o  m e a s u r e  t h e  i n i t i a l  h e a t  
c a p a c i t y  o f  t h e  r e a c t i o n  v e s s e l  a n d  i t s  c o n t e n t s .
F o r  t h e  t i t r a t i o n  r u n ,  t h e  c h a r t  r e c o r d e r  w a s  a l l o w e d  t o  t r a c e  l e a d  
p e r i o d  t e m p e r a t u r e  v e r s u s  t i m e  s l o p e  f o r  a b o u t  3 m i n u t e s , a f t e r  w h i c h  
t i t r a t i o n  w a s  s t a r t e d  f o r  a  p r e c i s e l y  m e a s u r e d  i n t e r v a l  o f  t i m e  t o  g i v e  a  
m e a s u r a b l e  d i s t a n c e  o n  c h a r t  p a p e r .  A t r a i l  p e r i o d  t e m p e r a t u r e  v e r s u s  t i m e  
s l o p e  w a s  t r a c e d  o n  c h a r t  r e c o r d e r  a f t e r  t i t r a t i o n  w a s  s t o p p e d  f o r  3 
m i n u t e s , a l s o .
T h e  v o l u m e  o f  t i t r a n t  a d d e d  w a s  t h e n  c a l c u l a t e d  f r o m  t h e  t i m e  i n t e r v a l  
f o r  w h i c h  t i t r a n t  w a s  a d d e d  a n d  p r e v i o u s l y  m e a s u r e d  r a t e  o f  d e l i v e r y  o f  t h e  
b u r e t t e .  T h e  c o n c e n t r a t i o n  o f  s a l t  s o l u t i o n  w a s  v a r i e d  a n d  s o l u t i o n  o f  
c r y p t a n d  2 2 2  a n a l y s e d  b y  t i t r a t i o n  a g a i n s t  s t a n d a r d  ( 0 . 1  m o l  dm"3 ) H C l  
s o l u t i o n  u s i n g  t h e  RTS 8 2 2  t i t r a t i o n  r e c o r d e r  s y s t e m .
T h e  e n t h a l p y  o f  c o m p l e x i n g  o f  m e t a l  c a t i o n  w i t h  t h e  l i g a n d  ( c r y p t a n d  
22 2 ) w a s  a l s o  m e a s u r e d  b y  b r e a k i n g  a n  a m p o u le  c o n t a i n i n g  a c c u r a t e l y  w e i g h e d  
l i g a n d  t o  0 . 0001g ,  i n t o  a  s o l u t i o n  o f  t h e  m e t a l  s a l t  i n  r e a c t i o n  v e s s e l  
( 5 0 m l ) .  T h e  c o n c e n t r a t i o n  o f  t h e  m e t a l  s o l u t i o n  w a s  v a r i e d .  T h e  o b s e r v e d  
h e a t  c h a n g e  w a s  c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k ,  a n d  e n t h a l p y  o f  
r e a c t i o n  ( A H ^ ) ,  c o r r e c t e d  f o r  d i l u t i o n  e f f e c t s .  A h ^  r e f e r s  t o  t h e  h e a t
2 . 3 . 5  E n t h a l p y  o f  C o m p l e x a t i o n  M e a s u r e m e n t s
r e s u l t i n g  f r o m  s o l u t i o n  o f  c r y p t a n d  2 2 2  a n d  c o m p l e x i n g  o f  c r y p t a n d  2 2 2  w i t h
w h e r e  AHC i s  t h e  e n t h a l p y  o f  c o m p l e x i n g  o f  c r y p t a n d  2 2 2  w i t h  m e t a l  c a t i o n ,  
a n d  A h s  i s  t h e  e n t h a l p y  o f  s o l u t i o n  o f  c r y p t a n d  222 i n  t h e  s a m e  s o l v e n t .
2 . 3 . 6  H e a t  o f  a m p o u le  b r e a k  i n  v a r i o u s  s o l v e n t s  a t  2 9 8  K
T h e  h e a t  o f  a m p o u le  b r e a k  w a s  d e t e r m i n e d  b y  b r e a k i n g  a n  e m p t y  s e a l e d  
a m p o u le  i n  t h e  r e l e v a n t  s o l v e n t ,  a n d  t h e  c o r r e s p o n d i n g  t e m p e r a t u r e  c h a n g e  
i n  r e a c t i o n  v e s s e l  m e a s u r e d .
T a b l e  2 . 4  l i s t s  t h e  h e a t  o f  a m p o u le  b r e a k  i n  d i f f e r e n t  s o l v e n t s  g i v e n  
a s  t h e  a v e r a g e  o f  a t  l e a s t  f i v e  d e t e r m i n a t i o n s .
T a b l e  2 . 4  H e a t  o f  a m p o u le  b r e a k  i n  d i f f e r e n t  s o l v e n t s  a t  2 9 8  K
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m e t a l  c a t i o n  i n  s o l v e n t ,  a n d  i s  g i v e n  b y :
A H t  »  A h c  +  A h s  ( 2 . 1 5 )
a
S o l v e n t  »' H e a t  o f  a m p o u le  b r e a k  N u m b e r  o f
c a l  d e t e r m i n a t i o n s
MeOH 0 . 0 6 2 5 4 5
DMF 0 . 0 0 3 4 0 5
Me 2 SO - 0 . 0 0 4 6 6 6
PC - 0 . 0 0 5 8 8 6
AN 0 . 0 3 0 3 8 7
M eN 02 0 . 0 1 4 4 7 11
a A verage h e a t  o f ampoule b reak
2 . 4 D E T E R M IN A T IO N  O F  T H E  S T A B I L I T Y  C O N S T A N T S  O F  A L K A L I  M E T A L  A N D
SIL V E R  CRYPTATES IN  NITROMETHANE
T h e  s t a b i l i t y  c o n s t a n t s  o f  a l k a l i - m e t a l  a n d  s i l v e r  c r y p t a t e s  i n  
n i t r o m e t h a n e  w e r e  m e a s u r e d  u s i n g  t h e  p o t e n t i o m e t r i c  t i t r a t i o n  t e c h n i q u e  
u s e d  e x t e n s i v e l y  b y  C o x  a n d  S c h n e i d e r .  P o t e n t i o m e t r i c  e x p e r i m e n t s  f o r  t h e  
d e t e r m i n a t i o n  o f  K e [ M + 2 2 2 ]  a n d  K s [ A g + 2 2 2 ]  w e r e  c a r r i e d  o u t  u s i n g  t h e  
e l e c t r o c h e m i c a l  c e l l  a s  g i v e n .
E t 4N C l0 4
A g / A g + ,X  m o l  dm" 3 / /  0 . 1  m o l  dm" 3 / /  0 . 0 1  m o l  dm "3 , A g + /A g  
S o l v e n t  (M eN 0 2 ) S o l v e n t  (M eN 0 2 ) S o l v e n t  (M eN 0 2 )
B o t h  e l e c t r o d e s  u s e d  w e r e  A g /A g +  e l e c t r o d e s  a n d  t h e  t w o  h a l f - c e l l s  
w e r e  s e p a r a t e d  b y  a  s a l t  b r i d g e  c o n t a i n i n g  0 . 1  m o l  dm” 3 E t 4N C l0 4 i n  
n i t r o m e t h a n e .  A l l  p o t e n t i a l  r e a d i n g s  w e r e  t a k e n  w i t h  a  PHM 8 2  r a d i o m e t e r  
o f  h i g h  i n p u t  i m p e d a n c e  ( g r e a t e r  t h a n  101 2 - n - ) .
I n  a  t y p i c a l  t i t r a t i o n ,  t h e  d e t e c t i n g  e l e c t r o d e  w a s  i m m e r s e d  i n t o  t h e  
s o l u t i o n  c o n t a i n i n g  a  k n o w n  c o n c e n t r a t i o n  o f  A g + ; [ A g + ] ^ .  T h i s  g i v e s  a  
r e a d i n g  o n  p o t e n t i o m e t e r  o f  t h e  i n i t i a l  c e l l  p o t e n t i a l ,  Ej_ i n  m i l l i v o l t s .
A k n o w n  v o l u m e  o f  c r y p t a n d  s o l u t i o n  i n  e x c e s s  o f  s i l v e r  c o n c e n t r a t i o n  w a s  
t h e n  a d d e d  t o  t e s t  c e l l  w i t h  r e s u l t i n g  c o m p l e x  f o r m a t i o n  g i v e n  b y :
Ks
A g + ( s )  +  [ 2 2 2 ]  ( s )  ; = s  [ A g + 2 2 2 ]  ( s )  ( 2 . 1 6 )
w h e r e  Kfi _  [ A g + 2 2 2 ] ( s )  ( 2 . 1 7 )
~  [ A g + ] ( s ) [ 222 ] ( s )
K s  i s  t h e  e q u i l i b r i u m  c o n s t a n t  f o r  r e a c t i o n  o f  f o r m a t i o n  o f  c r y p t a t e
( 2 . 1 6 ) .
I t  i s  a s s u m e d  t h a t  t h e  e q u i l i b r i u m  c o n s t a n t  i s  i n d e p e n d e n t  o f  i o n i c  
s t r e n g t h  b e c a u s e  o f  c a n c e l l a t i o n  o f  a c t i v i t y  c o e f f i c i e n t s  o f  A g +  a n d  
[A g + 2 2 2 ]  a n d  s o  r e p r e s e n t s  t h e  t h e r m o d y n a m i c  s t a b i l i t y  c o n s t a n t .  T h e  c e l l  
p o t e n t i a l  r e a d i n g  i s  t h e  E-j ( m i l l i v o l t s )  a n d  u s i n g  t h e  e q u a t i o n :
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t h e  c o n c e n t r a t i o n  o f  f r e e  s i l v e r  [A g + ] -j i n  t h e  t e s t  c e l l  a f t e r  c o m p l e x a t i o n  
o c c u r s  c a n  b e  c a l c u l a t e d  a n d  f ^  i n  e q u a t i o n  ( 3 )  a r e  t h e  c o r r e s p o n d i n g
m e a n  m o l a r  a c t i v i t y  c o e f f i c i e n t s  i n  n i t r o m e t h a n e  c a l c u l a t e d  u s i n g  t h e  
D a v i e s  e q u a t i o n .
- a z . 2 ! * 5 2
l o g  f j . . _  1 +  0 . 3  A Z 4 I  ( 2 . 1 9 )
t t t ^
w h e r e  I  i s  t h e  i o n i c  s t r e n g t h  o f  t h e  s o l u t i o n ,  Z^ i s  t h e  c h a r g e  o f  t h e  
i o n i c  s p e c i e s ,  a n d  A i s  t h e  D e b y e - H i i c k e l  p a r a m e t e r  g i v e n  b y :
A _  1 ~8246 X 1° 6 ( 2 . 2 0 )
"  ( « ) 3 /2
w h e r e  & =  d i e l e c t r i c  c o n s t a n t  a n d  T =  t e m p e r a t u r e  i n  K . D i f f e r e n c e s  
b e t w e e n  t h e  m e a n  m o l a r  a c t i v i t y  c o e f f i c i e n t s ; f + i  a n d  f +  i n  n i t r o m e t h a n e
c a l c u l a t e d  u s i n g  t h e  e x t e n d e d  D e b y e - H u c k e l  e q u a t i o n  a n d  t h e  D a v i e s  e q u a t i o n  
w e r e  n e g l i g i b l e  a n d  t h e r e f o r e ,  d i d  n o t  a f f e c t  t h e  f i n a l  v a l u e  o f  K s .
H a v i n g  o b t a i n e d  t h e  v a l u e  o f  [A g + ]  ,  t h e  c o n c e n t r a t i o n  o f  s i l v e r  
c r y p t a t e ; '  [ A g + 2 2 2 t y  a n d  f r e e  c r y p t a n d ;  [ 2 2 2 ]  <j c a n  b e  o b t a i n e d  f r o m  t h e  
t o t a l  s i l v e r  c o n c e n t r a t i o n  u s i n g  e q n s .  ( 2 . 3 0 )  a n d  ( 2 . 3 1 ) :
[ A g + 2 2 2 ]  =  [ A g + l i  -  [A g + ]  1 ( 2 . 3 0 )
[ 2 2 2 ]  -j =  [ 2 2 2 ]  ±  -  [ A g + 2 2 2 ]  -j ( 2 . 3 1 )
a n d  t h e  s t a b i l i t y  c o n s t a n t  o r  c o m p l e x  f o r m a t i o n  c o n s t a n t ,  K s  g i v e n  b y  e q n .  
2 . 1 7  c a n  b e  c a l c u l a t e d .
A s o l u t i o n  o f  a n o t h e r  c a t i o n  M+ , o f  k n o w n  c o n c e n t r a t i o n  i s  t h e n  a d d e d  
t o  t e s t  c e l l  a n d  t h e  s y s t e m  a l l o w e d  a b o u t  2 5  m i n u t e s  t o  r e a c h  e q u i l i b r i u m ,  
a f t e r  w h i c h  t h e  c e l l  p o t e n t i a l  E w a s  m e a s u r e d .
Ke
M + ( s ) +  [A g + 2 2 2 1  ( s ) - ------* [ M + 2 2 2 ] ( s ) +  A g + ( s )  ( 2 . 3 2 )
w h e r e  t h e  e q u i l i b r i u m  c o n s t a n t  K e [M + 2 2 2 ]  i s  . g i v e n  b y :
K e  _ [ A g + ] ( s )  [ M + 2 2 2 3 ( s )
[ M + 3 ( s )  [ A g + 2 2 2 ] ( s )
E corresponds- to a silver concentration [Ag+] in the test cell after
a d d i t i o n  o f  m e t a l  s o l u t i o n  w h i c h  i s  c a l c u l a t e d  f r o m :
E - E . =  2 . 3 0 3  RT l o g  [ A g ^ q .  ( 2 > 3 3 )
P  [A g + J f ±
U s i n g  e q n s .  2 . 3 5 ,  2 . 3 6 ,  2 . 3 7 :
[ A g + 2 2 2 ]  ( s )  =  [ A g + ] i ( s )  -  [ A g + J ^ s )  ( 2 . 3 4 )
[ M + 2 2 2 ] ( s )  =  [ 2 2 2 ] ^ ( s )  -  [ A g + 2 2 2 ] ( s )  ( 2 . 3 6 )
[M+ ] ( s )  =  [ M * ] ^ )  -  [M + 2 2 2 ] ( s )  ( 2 . 3 7 )
t h e  c o n c e n t r a t i o n s  o f  s i l v e r  c r y p t a t e  [ A g + 2 2 2 ] ,  m e t a l  c r y p t a t e  [M + 2 2 2 ] a n d  
f r e e  m e t a l  i n  s o l u t i o n  [M + ], c a n  b e  e v a l u a t e d  a n d  t h e  e q u i l i b r i u m  c o n s t a n t  
f o r  m e t a l  c r y p t a t e  c o m p l e x  f o r m a t i o n  t h u s  o b t a i n e d  f r o m  e q n .  2 . 3 3 .
I n  t h e s e  e x p e r i m e n t s ,  t h e  t o t a l  m e t a l  i o n  c o n c e n t r a t i o n  w a s  a l w a y s  i n  
e x c e s s  o f  b o t h  c r y p t a n d  c o n c e n t r a t i o n  a n d  s i l v e r  c o n c e n t r a t i o n s  i n  t h e  t e s t
c e l l ,  a n d  t h e r e f o r e  t h e  c o n c e n t r a t i o n  a t  e q u i l i b r i u m  o f  f r e e  c r y p t a n d  w i l l
b e  n e g l i g i b l e .  F i n a l l y  h a v i n g  o b t a i n e d  Ks [ A g + 2 2 2 ]  a n d  Ke [ M + 2 2 2 ] , t h e  
s t a b i l i t y  c o n s t a n t  o f  m e t a l  c r y p t a t e  K g [M + 2 2 2 ] f o r  t h e  c o m p l e x a t i o n  o f  
m e t a l  c a t i o n  M+ a n d  c r y p t a n d  2 2 2  r e p r e s e n t e d  a s :
Ks
[ M + 2 2 2 ] ( s )  +  [ 2 2 2 ] ( s )  [ M + 2 2 2 ] ( s )  ( 2 . 3 8 )
m a y  b e  c a l c u l a t e d  f r o m  e q u a t i o n  • ( 1 5 ) :
K s [ M + 2 2 2 ] ( s )  «  K s [ A g + 2 2 2 ] ( s )  x  K e [ M + 2 2 2 ] ( s )  ( 2 . 3 9 )
A l l  e x p e r i m e n t s  w e r e  p e r f o r m e d  a t  2 5 ° c ,  a n d  v a l u e s  o f  l o g  Ks  w e r e  
r e p r o d u c i b l e  t o  Z= 0 . 1  l o g  u n i t .  D e t a i l s  o f  t h e  p r o c e d u r e  a r e  g i v e n  f o r  t h e  
d e t e r m i n a t i o n  o f  l o g l ^ , [ N a + 2 2 2 ]  c r y p t a t e  i n  MeNC>2 • T a b l e  2 . 5  r e f e r s  t o  t h e
T h e  r e a c t i o n  o n  a d d i t i o n  o f  M +  i s  r e p r e s e n t e d  a s :
p o t e n t i o m e t r i c  t i t r a t i o n  e x p e r i m e n t  f o r  d e t e r m i n a t i o n  o f  t h e  c o n s t a n t  f o r  
[ N a + 2 2 2 ]  c o m p l e x  f o r m a t i o n  r e p r e s e n t e d  a s :
K e
N a +  ( s ) +  [ A g + 2 2 2 ]  ( s )  [ N a + 2 2 2 ]  ( s )  +  A g + ( s )  ( 2 . 4 0 )
T e s t  c e l l :  A g C 104 s o l u t i o n  ( 7 m l )  i n  n i t r o m e t h a n e  ( 1 . 6 3  x  1 0 " 4 m o l  dm"3 ) .  
R e f e r e n c e  c e l l :  A g C l0 4 s o l u t i o n  ( 7 m l )  i n  n i t r o m e t h a n e  ( 1 . 0 0  x  1 0 ” 2 m o l  
dm "3 ) .
I n i t i a l  p o t e n t i a l  r e a d i n g ;  =  1 3 4  mV.
A d d i t i o n  o f  0 . 1  m l v o l u m e  o f  c r y p t a n d  2 2 2  s o l u t i o n  i n  n i t r o m e t h a n e  ( 2 . 6 3 5  x
1 0 " 2 m o l  dm "3 ) g a v e  a  p o t e n t i a l  r e a d i n g  E-j =  9 6 2  m V. T h i s  g a v e
Ks  [ A g + 2 2 2 ]  =  5 . 1 8  x  1 0 1 7 ; l o g  Ks [ A g + 2 2 2 ]  «  1 7 . 7 1 .
A d d i t i o n  o f  0 . 4 5  m l a n d  t h e n  s u c c e s s i v e  0 . 5 m l  v o l u m e s  o f  N a C l0 4 s o l u t i o n  i n
n i t r o m e t h a n e  ( 9 . 6 3  x  1 0 " 3 m o l  dm "3 ) g a v e  p o t e n t i a l  r e a d i n g s  E-j g i v e n  i n  
t a b l e  2 5 .
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2 . 5  CONDUCTANCE S T U D IE S  OF METAL - I O N  CRYPTATES IN  NITROMETHANE
I o n i c  s o l u t i o n s  o b e y  O h m 's  l a w ,  t h a t  i s  t h e  c u r r e n t  I  f l o w i n g  t h r o u g h  a
s o l u t i o n  o f  r e s i s t a n c e ,  R i s  r e l a t e d  t o  t h e  p o t e n t i a l  d i f f e r e n c e  V b y :
V =  I R  ( 2 . 4 1 )
M o r e  u s u a l l y  t h e  c o n d u c t a n c e  ( r e c i p r o c a l  o f  r e s i s t a n c e )  i s  r e f e r r e d  t o  f o r
i o n i c  s o l u t i o n s .
R e s i s t i v i t y  o r  t h e  s p e c i f i c  r e s i s t a n c e , ^ ,  i s  d e f i n e d  a s  t h e
r e s i s t a n c e  a c r o s s  p a r a l l e l  f a c e s  o f  a r e a  A ( s q u a r e  c e n t i m e t e r s )  a n d
d i s t a n c e  H ( c e n t i m e t e r s )  a p a r t .
f  =  R A /+  o r  R — / J - / A  ( 2 . 4 2 )
**
T h e  c o n d u c t i v i t y  o r  s p e c i f i c  c o n d u c t a n c e ,  K», ( K a p p a )  i s  t h e  i n v e r s e  o f  
r e s i s t i v i t y ,  t h e n :
K  =  J_ 1  ( 2 . 4 3 )
R A
T h e . u n i t s  o f  K  a r e  ohm " 1 cm " 1 a n d  Jl i s  c a l l e d  t h e  c e l l  c o n s t a n t  o f  a  g i v e n
A
c e l l  ( c m " 1 ) .
T h e  r a t i o  £  i s  d e t e r m i n e d  f r o m  t h e  c o n d u c t a n c e  o f  a  s o l u t i o n  o f  k n o w n  
A
s p e c i f i c  c o n d u c t a n c e .  O n c e  t h e  c e l l  c o n s t a n t ;  £  i s  o b t a i n e d  f o r  a  c e l l  i t
A
c a n  t h e n  b e  u s e d  t o  e v a l u a t e  t h e  s p e c i f i c  c o n d u c t a n c e  f o r  a n  u n k n o w n
s o l u t i o n  f r o m  a  m e a s u r e d  v a l u e  o f  + .
R
I n  d e a l i n g  w i t h  e l e c t r o l y t e  s o l u t i o n s  i t  i s  n o r m a l  t o  e x p r e s s  t h e
c o n d u c t i v i t y  a s  a  m o l a r  q u a n t i t y .  T h e  m o l a r  c o n d u c t i v i t y  i s  g i v e n  b y :
Am _  1 0 0 0  ( 2 . 4 4 )
c
w h e r e  c  i s  t h e  m o l a r  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n  ( m o l  dm” 3 ) a n d  u n i t s  o f  
Am a r e  ohm " 1 cm 2 m o l" 1
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T h e  b a s i c  r e q u i r e m e n t  f o r  d e t e r m i n i n g  t h e  m o l a r  c o n d u c t a n c e  A m i s  
m e a s u r e m e n t  o f  t h e  r e s i s t a n c e  o f  t h e  e l e c t r o l y t e  s o l u t i o n s .  A W a y n e - K e r r  
a u t o m a t i c  c o n d u c t i v i t y  b r i d g e  o f  t h e  t r a n s f o r m e r  r a t i o - a r m  t y p e  B 6 4 2  w i t h  
i n p u t  v o l t a g e s  0 . 2  -  1 . 2  V a n d  a t  a  f i x e d  f r e q u e n c y  o f  1 5 9 2  H z w a s  u s e d  t o  
m e a s u r e  t h e  r e s i s t a n c e s  o f  t h e  e l e c t r o l y t e  s o l u t i o n s .
A H a r t l e y - B a r r e t t  c o n d u c t i v i t y  c e l l  w i t h  b r i g h t  p l a t i n u m  e l e c t r o d e s  
w a s  u s e d  f o r  c o n d u c t a n c e  e x p e r i m e n t s .  T h e  c o n d u c t i v i t y  c e l l  w a s  w a s h e d  
w i t h  d e i o n i s e d  w a t e r  f i r s t  a n d  t h e n  m e t h a n o l .  A f t e r  w h i c h  t h e  c e l l  w a s  
d r i e d  a n d  p u t  i n  a  c l o s e d - b o x  o i l  t h e r m o s t a t  m a i n t a i n e d  a t  2 5  ±  0 . 1 ° C  w h e r e  
a l l  e x p e r i m e n t s  w e r e  p e r f o r m e d .  T h e  a i r  i n  t h e  c a b i n e t  c o n t a i n i n g  o i l  w a s  
c i r c u l a t e d  u s i n g  a  f a n  p o w e r e d  b y  t h e  o i l  s t i r r e r  m o t o r .
T h e  c e l l  c o n s t a n t  ( f i j  o f  t h e  c o n d u c t i v i t y  c e l l  u s e d  w a s  d e t e r m i n e d
A
u s i n g  t h e  m e t h o d  d e s c r i b e d  b y  J o n e s  a n d  B r a d s h a w 2 3 4 . C o n d u c t a n c e s  o f  
p o t a s s i u m  c h l o r i d e  s o l u t i o n s  (1  x  1 0 “ 3 -  5  x  1 0 “ 3 m o l  dm "3 ) ,  w e r e  m e a s u r e d .
K C l (B D H , A n a l a r  g r a d e )  w a s  r e c r y s t a l l i s e d  t w i c e  f r o m  d e i o n i s e d  w a t e r  
a n d  d r i e d  a t  1 2 0 ° C  f o r  s e v e r a l  d a y s .  K C l (M. W =  7 4 . 5 6 )  s o l u t i o n s  w e r e  
p r e p a r e d  f r o m  a c c u r a t e l y  w e i g h e d  a m o u n t s  o f  p u r i f i e d  s a l t  d i s s o l v e d  i n  
k n o w n  v o l u m e  o f  d e i o n i s e d  w a t e r .  W e i g h i n g s  w e r e  m a d e  o n  a  b a l a n c e  w e i g h i n g  
t o  ±  0 .0 0 01 g .
T h e  s o l u t i o n  o f  p o t a s s i u m  c h l o r i d e  ( 1 0 0 m l )  w a s  s t i r r e d  i n  t h e  
c o n d u c t i v i t y  c e l l  b y  p a s s i n g  a  s t r e a m  o f  n i t r o g e n  w h e n  n o  r e s i s t a n c e s  
r e a d i n g s  w e r e  b e i n g  t a k e n .  A f t e r  t h e  n i t r o g e n  f l o w  w a s  s h u t  a  s e t  o f  
r e s i s t a n c e  r e a d i n g s  w e r e  t a k e n  a n d  f i n a l  v a l u e  f o r  s o l u t i o n  r e s i s t a n c e  
g i v e n  a s  t h e  m e a n  o f  a l l  r e s i s t a n c e  r e a d i n g s .  T h e  c o r r e s p o n d i n g  m o l a r  
c o n d u c t a n c e s  o f  K C l s o l u t i o n s  w e r e  c a l c u l a t e d  f r o m  t h e  e q u a t i o n  o f  L i n d ,  
Z w o l e n i k  a n d  F u o s s 2 3 3 .
2 . 5 . 1  D e t e r m i n a t i o n  o f  t h e  c e l l  c o n s t a n t
9 9
Am = 1 4 9 . 9 3  -  9 4 . 6 5 c 3!  +  5 8 . 7 4 c .  l o g c  +  1 9 8 . 4 c  ( 2 . 4 5 )
T h i s  e q u a t i o n  a p p l i e s  t o  p o t a s s i u m  c h l o r i d e  s o l u t i o n s  i n  w a t e r  o f  
c o n c e n t r a t i o n s ,  c ,  u p  t o  a b o u t  0 . 0 1 2  m o l  dm" 3 a t  2 5 ° C  w i t h  a n  a c c u r a c y  o f  
0 . 0 1 3 % .
T h e  m o l a r  c o n d u c t a n c e  o f  K C l s o l u t i o n  i s  t h e n  u s e d  t o  c a l c u l a t e  t h e
s p e c i f i c  c o n d u c t a n c e ;  f r o m  e q n .  2 . 4 4 .
C o m b i n a t i o n  o f  c a l c u l a t e d  v a l u e s  a n d  c o r r e s p o n d i n g  r e s i s t a n c e  o f  K C l
s o l u t i o n  i n  e q n .  2 . 4 3  e n a b l e s  t h e  c e l l  c o n s t a n t  1  t o  b e  o b t a i n e d .
A
T h e  c e l l  c o n s t a n t  w a s  d e t e r m i n e d  a s  0 . 2 5 5 2 6  ±  0 . 0 0 0 1  c m " 1 .
2 , 3 , 3  C o n d u c t a n c e  m e a s u r e m e n t s  o f  m e t a l - i o n  c r y p t a t e  s a l t s  i n  
n i t r o m e t h a n e  a t  2 9 8  K
T h e  e x p e r i m e n t a l  t e c h n i q u e  u s e d  i s  o u t l i n e d .  S t o c k  s o l u t i o n s  o f  c r y p t a t e  
s a l t s  w e r e '  p r e p a r e d  b y  d i s s o l v i n g  i n  k n o w n  v o l u m e  o f  s o l v e n t ,  t h e  r e q u i r e d  
a m o u n t  o f  s o l i d  a c c u r a t e l y  w e i g h e d  o n  w e i g h i n g  b a l a n c e  t o  ±  0 . 0 001 g .  
S o l v e n t s  a n d  c r y p t a t e  s a l t s  w e r e  p u r i f i e d  a n d  p r e p a r e d ?  r e s p e c t i v e l y  a s  
d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n .  T h e  c l e a n  a n d  d r i e d  c o n d u c t i v i t y  
c e l l  w a s  w e i g h e d  b e f o r e  a n d  a f t e r  t h e  a d d i t i o n  o f  a c c u r a t e l y  m e a s u r e d  
v o l u m e  o f  s o l v e n t  ( 1 0 0 m l ) .  T h e  c e l l  w a s  c l a m p e d  i n  c l o s e d - b o x  c o n t a i n i n g  
o i l ,  a n d  a l l o w e d  t o  r e a c h  t h e r m a l  e q u i l i b r i u m .  T h e  s o l v e n t  i n  t h e  c e l l  w a s  
a g i t a t e d  c o n s t a n t l y  b y  t h e  p a s s a g e  o f  a  s t r e a m  o f  n i t r o g e n  w h e n  r e a d i n g s  
w e r e  n o t  t a k e n .  B e f o r e  a  r e a d i n g  w a s  t a k e n ,  t h e  n i t r o g e n  w a s  s h u t  o f f ,  a n d  
t h e  r e s i s t a n c e  m e a s u r e d  s e v e r a l  t i m e s  u n t i l  a  c o n s t a n t  r e a d i n g  w a s  
o b t a i n e d .
A f t e r  t h i s  s u c c e s s i v e  a d d i t i o n s  o f  s t o c k  s o l u t i o n  ( ^  1m l )  o f  c r y p t a t e  . 
s a l t .  u n d e r  i n v e s t i g a t i o n  w e r e  m a d e  u s i n g  a  g l a s s  s y r i n g e .  T h e  s y r i n g e
was weighed to ± 0.0001g before and after each addition to the conductivity 
cell and amount of stock solution added thus evaluated. The stock solution 
was washed down into the cell and solution thoroughly mixed by bubbling 
nitrogen through the system until it was certain thereadings were 
constant.
A f t e r  t h e  f i n a l  a d d i t i o n ,  t h e  c e l l  w a s  w a s h e d  f r e e  o f  o i l ,  d r i e d  a n d  
r e w e i g h e d  t o  d e t e r m i n e  a n y  w e i g h t  c h a n g e  d u r i n g  t h e  c o n d u c t a n c e  
m e a s u r e m e n t s .  T h e  m a x im u m  w e i g h t  l o s s  d u r i n g  a  r u n  d i d  n o t  e x c e e d  0 . 0 2 % .
R e s u l t s  f o r  c o n d u c t a n c e  o f  t h e  c r y p t a t e  s a l t s  [ L i + 2 2 2 ] C l 0 4 “ , [ N a + 2 2 2 ] C 1 0 4 “ ,
[ K + 2 2 2 ] C I O 4” , [ R b + 2 2 2 ] I “  a n d  [ C s + 2 2 2 ] I "  i n  n i t r o m e t h a n e  a t  2 9 8  K a r e  
r e c o r d e d  i n  t a b l e s  2.6  -  2 . 1 0 .
100
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T a b l e  2 . 6  C o n d u c t i v i t y  m e a s u r e m e n t s  f o r  [ L i + 2 2 2 ] C 1 0 4 “  i n  n i t r o m e t h a n e  a t
2 9 8  K
m o l  dm” 3 ohm ” 1 cm 2 m o l ” 1 m o l  dm” 3 ohm ” 1 cm 2 m o l” 1
2 . 0 9 9 4 X 1 0 - 4 8 7 . 3 7 6 . 7 9 2 0 X 10” 4 8 6 . 6 9
2 . 7 2 4 8 X 1 0 - 4 8 7 . 0 7 7 . 3 3 8 5 X 1 0 - 4 86.11
3 . 3 8 9 9 X 10” 4 8 7 . 7 2 7 . 9 9 0 0 X 10” 4 8 5 . 9 8
4 . 0 6 9 7 X 10“ 4 8 7 . 7 3 8 . 6 0 9 8 X 10” 4 8 5 . 6 3
4 . 7 7 9 9 X 10” 4 8 7 . 5 6 9 . 1 4 5 9 X 10” 4 8 5 . 2 3
5 . 4 5 6 6 X 10” 4 8 7 . 4 0 9 . 8 6 4 9 X 10~4 8 4 . 8 6
6 . 1 0 5 1 X 10” 4 8 6 . 9 9
A m =  8 9 . 2 8  o h m” 1 c m2 m o l ” 1
b  ,Ka = 0.59 mol” dm3
o o
a  =  1 0 . 2  A
a  S t o c k  s o l u t i o n  [ L i + 2 2 2 ] C l 0 4 " i n  M eN 02 =* 7 . 6 5 9 0  x  1 0 “ 3 m o l  dm” 3 
b  D a t a  w a s  a n a l y s e d  b y  F u o s s  a n d  S h e d l o v s k y  p l o t s  f o r  p a i r w i s e  a s s o c i a t e d  
e l e c t r o l y t e s .  S l o p e  o f  p l o t  g i v e s  Ka  a n d  i n t e r c e p t  J  
Ao
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T a b l e  2 . 7  C o n d u c t i v i t y  m e a s u r e m e n t s  f o r  [ N a + 2 2 2 ] C 1 0 4 ”  i n  n i t r o m e t h a n e  a t
2 9 8  K
a
Am c  Am
ohm " 1 cm 2 m o l -1  m o l  dm" 3 . ohm " 1 cm 2 m o l" 1
0 . 9 8 1 0 X 1 0 " 4 8 6 . 3 2 8 . 1 2 8 4 X 1 0 "4 8 2 . 2 4
1 . 8 9 9 8 X 1 0 " 4 8 5 . 8 0 8 . 8 8 1 5 X 1 0 " 4 8 1 . 9 4
2 . 8 8 2 7 X 10"4 8 4 . 9 2 9 . 7 8 0 3 X 1 0 - 4 8 1 . 5 3
3 . 7 9 1 9 X 10“ 4 8 4 . 5 3 1 0 . 5 1 8 8 X 10 "4 8 1 . 2 5
4 . 6 2 3 3 X 10 "4 8 3 . 9 6 1 1 . 3 4 5 8 X 1 0 "4 8 0 . 9 0
5 . 5 2 7 4 X 1 0 - 4 8 3 . 6 2 1 2 . 1 3 3 0 X 1 0 - 4 8 0 . 6 5
6 . 4 2 0 1 X 1 0 " 4 8 3 . 1 8 1 2 . 9 2 8 6 X 10"4 8 0 . 3 5
7 . 2 9 1 4 X 10"4 8 2 . 6 7
Am =  8 7 . 1 3  ohm " 1 cm 2 m o l" ^
=  0 . 7 7  m o l " 1 dm3
o  o
a  =  1 0 . 4  A
a  S t o c k  s o l u t i o n  [ N a + 2 2 2 ] C l 0 4 ~  i n  M eN 02 =  9 . 5 7 7 0  x  1 0 " 3 m o l  dm" 3 
b  A n a l y s i s  o f  d a t a  b y  F u o s s - S h e d l o v s k y  p l o t s  f o r  p a i r w i s e  a s s o c i a t e d  
e l e c t r o l y t e s .
a
c
m o l  dm" 3
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T a b l e  2 . 8  C o n d u c t i v i t y  m e a s u r e m e n t s  f o r  [K + 222 ] C l 04“  i n  n i t r o m e t h a n e  a t
2 9 8  K
m o l  dm” 3
m -.o
oh m ” 1 cm 2 m o l ” 1 m o l  dm” 3
m
ohm ” 1 cnrf m o l -1
0 . 7 7 2 4 X o
I
9 6 . 0 3 6 . 1 4 3 2 X
<31o
9 2 . 7 4
1 . 3 1 8 1 X 10” 4 9 4 . 8 2 7 . 3 0 2 1 X 10” 4 9 2 . 5 5
2 . 1 5 7 4 X 10” 4 9 4 . 5 9 8 . 5 4 9 6 X 10” 4 9 2 . 0 3
3 . 0 9 5 2 X 10” 4 9 4 . 1 1 9 . 8 4 7 8 X 10” 4 9 1 . 5 8
4 . 1 2 1 5 X 10“ 4 9 3 . 6 3 11.2201 X 1 0 " 4 9 1 . 2 4
5 . 0 2 7 4 X 10” 4 9 3 . 2 0
=  9 7 . 3  ohm”1 cm2 mol”1
b , _Ka = 1 mol” ' dm3
o o
a  =  1 0 . 3  A
a  S t o c k  s o l u t i o n  [K+ 222 ] C 1C>4”  i n  n i t r o m e t h a n e  =  1 . 5 3 7 9  x  1 0 “ 2 m o l  dm” 3 
b  A n a l y s i s  o f  d a t a  try F u o s s - A c a s c i n a  e q u a t i o n  f o r  s t r o n g  e l e c t r o l y t e s  a n d  
F u o s s - S h e d l o v s k y  p l o t  f o r  p a i r w i s e  a s s o c i a t e d  e l e c t r o l y t e s .
104
T a b l e  2 . 9  C o n d u c t i v i t y  m e a s u r e m e n t s  f o r  [ R b + 2 2 2 ] I “  i n  n i t r o m e t h a n e  a t
2 9 8  K
m o l  dm- 3
A m c
oh m " 1 cm2 m o l " 1 m o l  dm" 3
km
ohm " 1 cm 2 m o l " 1
2 . 3 7 5 9 X 10 "4 8 8 . 3 6
3 . 3 8 8 2 X 10"4 8 8 . 5 3
4 . 3 6 0 7 X 10" 4 8 8 . 1 6
5 . 1 3 3 0 X 10"4 8 7 . 8 8
6 . 1 9 5 7 X 10"4 8 7 . 4 8
7 . 1 8 8 3 X 1 0 - 4 8 7 . 2 4
8 . 2 9 5 1 X 1 0 "4 8 6 . 9 6
9 . 3 4 8 6 X 10"4 8 6 . 6 9
1 0 . 3 1 9 5 X 1 0 "4 8 6 . 4 3
1 1 . 3 4 9 7 X 1 0 "4 8 6 . 1 9
1 2 . 8 2 6 4 X 10“ 4 8 5 . 8 2
=  8 8 . 7  o h m" 1 c m2 m o l ” 1 
b
Ka  =  0 . 1  m o l " 1 dm3
o  o
a  =  10.8  h
a  S t o c k  s o l u t i o n  [ R b + 2 2 2 ] I ~  i n  n i t r o m e t h a n e  =  1 . 5 4 7 9  x  1 0 " 2 m o l  dm" 3 
b  D a t a  a n a l y s e d  b y  F u o s s - S h e d l o v s k y  p l o t  f o r  p a i r w i s e  a s s o c i a t e d  
e l e c t r o l y t e s .
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T a b l e  2 . 1 0  C o n d u c t i v i t y  m e a s u r e m e n t s  o f  [ C s + 2 2 2 ] I “  i n  n i t r o m e t h a n e  a t
2 9 8  K
a  a
c  A m c  A m
m o l  dm” 3 oh m ” 1 cm2 m o l” 1 m o l  dm” 3 ohm ” 1 cm 2 m o l” 1
1 . 0 2 2 4 X 10” 4 110.20 8 . 0 4 3 6 X 10” 4 8 7 . 1 3
2 . 0 1 1 8 X 10“ 4 1 0 3 . 2 4 8 . 8 6 4 6 X 10“ 4 86.12
2 . 9 8 1 8 X 10“ 4 9 7 . 1 0 9 . 5 9 9 0 X 10” 4 8 5 . 5 3
3 . 9 0 3 9 X 10” 4 9 4 . 0 8 1 0 . 4 0 5 0 X 10” 4 8 4 . 8 0
4 . 7 1 1 4 X 10” 4 9 2 . 5 2 1 1 . 2 2 5 0 X 10” 4 8 4 . 0 9
5 . 5 6 6 7 X 1 0 "4 9 0 . 8 3 1 2 . 0 0 2 8 X 10” 4 8 3 . 4 4
6 . 4 5 7 0 X 1 0 - 4 8 9 . 3 7 1 2 . 7 6 0 0 X 10“ 4 8 2 . 8 5
7 . 2 2 2 0 X 10“ 4 8 8 . 0 4
A m =  9 4 . 4 9  o h m” 1 c m2 m o l ” 1
b  1 K a  =  0 . 1 5  m o l ” 1 dm3
o  o
a  =  1 1 . 0  A
a  S t o c k  s o l u t i o n  [ C s + 2 2 2 ] I ”  i n  n i t r o m e t h a n e  =  9 . 5 3 0 6  x  1 0 ” 3 m o l  dm” 3 
b  D a t a  a n a l y s e d  b y  F u o s s - S h e d l o v s k y  p l o t s  f o r  p a i r w i s e  a s s o c i a t e d  
e l e c t r o l y t e s .
1 0 6
2 . 5 . 3  A n a l y s i s  o f  c o n d u c t a n c e  d a t a  f o r  a l k a l i - m e t a l  i o n  c r y p t a t e s  i n  
n i t r o m e t h a n e  a t  2 9 8  K
o
T h e  l i m i t i n g  c o n d u c t a n c e ,  A m ? t h e  m o l a r  c o n d u c t i v i t y  a t  i n f i n i t e  d i l u t i o n  
i s  r e q u i r e d  f o r  t h e  d e t e r m i n a t i o n  o f  a s s o c i a t i o n  c o n s t a n t s ,  Ka , h y  t h e  
c o n d u c t i v i t y  m e t h o d .
o
A s t a r t i n g  v a l u e  o f  A m i s  o b t a i n e d  b y  e x t r a p o l a t i o n  o f  a  p l o t  o f  A m a g a i n s t
1 / 2  —3 / 2
S c  ( m o l  dm ) .  U s i n g  t h e  v a l u e  o f  A ^  o b t a i n e d ,  t h e  c o n d u c t a n c e  d a t a  
f o r  a l k a l i  m e t a l - i o n  c r y p t a t e s  ( t a b l e s  Ai'-Z-'kJwere a n a l y s e d  i n i t i a l l y  b y  
L e e - W h e a t o n 238 e q u a t i o n ,  b u t  f a i l e d  t o  g i v e  a n y  r e s u l t s  f o r  Ka .
o
T h e  b e s t  r e s u l t s  f o r  Ka /  a n d  a ;  t h e  i o n  s i z e  p a r a m e t e r s  w e r e  o b t a i n e d  f r o m  
F u o s s / S h e d l o v s k y  p l o t s  f o r  p a i r w i s e  a s s o c i a t e d  e l e c t r o l y t e s .  F o r  
[ K + 2 2 2 ] C 1 0 4 ~ , t h e  a s s o c i a t i o n  c o n s t a n t  Ka  w a s  e v a l u a t e d  b y  F u o s s - A c a s c i n a  
e q u a t i o n 238 a l s o ,  a n d  v a l u e s  o b t a i n e d  b y  b o t h  m e t h o d s  w e r e  t h e  s a m e .
R e s u l t s  o f  a n a l y s i s  o f  t h e  c o n d u c t a n c e  d a t a  f o r  c r y p t a t e  s a l t s  a r e  
g i v e n  i n  t a b l e  2 . 1 1 .
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w a t e r  a n d  n i t r o m e t h a n e  a t  2 9 8  K
T h e  p a r t i t i o n  c o n s t a n t  o f  c r y p t a n d  2 2 2  b e t w e e n  p u r e  w a t e r  a n d  p u r e  
n i t r o m e t h a n e  w a s  o b t a i n e d  f r o m  t h e  p a r t i t i o n  c o n s t a n t s  o f  t h e  p a i r s  o f  
i m m i s c i b l e  s o l v e n t s  n - t e t r a d e c a n e / w a t e r  a n d  n - t e t r a d e c a n e / n i t r o m e t h a n e .
I n  t h e  p a r t i t i o n  e x p e r i m e n t ,  t h e  s o l v e n t s  n - t e t r a d e c a n e  a n d  
n i t r o m e t h a n e  w e r e  m u t u a l l y  s a t u r a t e d  b e f o r e  u s e .
A s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e  s a t u r a t e d  w i t h  
n - t e t r a d e c a n e  w a s  p r e p a r e d  a n d  a n a l y s e d .  A n  a c c u r a t e l y  m e a s u r e d  v o l u m e  o f  
t h e  c r y p t a n d  s o l u t i o n  i n  n i t r o m e t h a n e  w a s  a d d e d  t o  a  s t o p p e r e d  t e s t - t u b e  
c o n t a i n i n g  a  k n o w n  v o l u m e  o f  n - t e t r a d e c a n e  s a t u r a t e d  w i t h  n i t r o m e t h a n e  a n d  
m i x t u r e  s h a k e n  a n d  a l l o w e d  t o  e q u i l i b r a t e  i n  a  t h e r m o s t a t e d  w a t e r  b a t h  a t  
2 5  ±  0 . 0 1 ° C f o r  s e v e r a l  d a y s .  T h e  t w o  s o l v e n t  l a y e r s  w e r e  s e p a r a t e d  j u s t  
b e f o r e  a n a l y s i s .
T h e  c o n c e n t r a t i o n  o f  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e  l a y e r  b o t h  b e f o r e  
a n d  a f t e r  p a r t i t i o n  w a s  a n a l y s e d  b y  a d d i n g  a n  a c c u r a t e l y  m e a s u r e d  v o l u m e  o f  
s a m p l e  t o  a n  e v a p o r a t i n g  d i s h ,  e v a p o r a t i n g  t h e  s o l v e n t  a n d  w e i g h i n g  i n  a  
d r y  a t m o s p h e r e .
T h e  p a r t i t i o n  c o n s t a n t ,  P c , o f  t h e  l i g a n d  f o r  
n - t e t r a d e c a n e / n i t r o m e t h a n e  s y s t e m  c a n  t h e n  b e  c a l c u l a t e d  f r o m :
p c  [ 222 ] n - t e t r a d e c a n e  ( 2 . 4 6 )
[ 222 ] n i t r o m e t h a n e
T h e  p a r t i t i o n  c o n s t a n t  o f  c r y p t a n d  2 2 2  f o r  n - t e t r a d e c a n e / w a t e r  
d e t e r m i n e d  b y  A b r a h a m  a n d  N a m o r  i s  0 . 0 1 2 9 1 2 8 .
2 . 6  D e t e r m i n a t i o n  o f  t h e  p a r t i t i o n  c o n s t a n t  o f  c r y p t a n d  2 2 2  b e t w e e n
1 0 9
T h i s  v a l u e  o f  P c  f o r  n - t e t r a d e c a n e / w a t e r  i s  t h e n  c o m b i n e d  w i t h  P c  f o r  
n - t e t r a d e c a n e / n i t r o m e t h a n e  d e t e r m i n e d  i n  t h i s  w o r k  t o  g i v e  t h e  h y p o t h e t i c a l  
p a r t i t i o n  c o n s t a n t  f o r  n i t r o m e t h a n e / w a t e r .  T h i s  e x p e r i m e n t  w a s  d o n e  i n  
t r i p l i c a t e .
T h e  r e s u l t s  a r e  g i v e n  i n  t a b l e  2 .1 2 .
T a b l e  2 . 1 2  P a r t i t i o n  c o n s t a n t  ( P c ) o f  c r y p t a n d  2 2 2  b e t w e e n  w a t e r  a n d  
n i t r o m e t h a n e  a t  2 9 8  K ( m o l a r  s c a l e )
a
c r y p t a n d  222 i n  
n i t r o m e t h a n e  p h a s e  
c / m o l  dm" 3
b
c r y p t a n d  2 2 2  i n  P c  
n - t e t r a d e c a n e
£>h a s e  ,  c  e  
c / m o l  dm J n - t e t r a d e c a n e /  n i t r o m e t h a n e /
n i t r o m e t h a n e  w a t e r
b e f o r e
p a r t i t i o n
a f t e r
p a r t i t i o n
a f t e r
p a r t i t i o n
}
2 . 3 9 9  x  1 0 ~2 1 . 8 1 0  x  10~2 5 . 8 9 0  x  1 0 ~3 0 . 3 2 5 4
2 . 4 0 9  x  1 0 ~2 1 . 8 5 5  x  1 0 ~2 5 . 5 4 6  x  1 0 " 3
d
0 . 2 9 9 1  0 . 3 2 5 9  0 . 0 3 9 6
3 . 4 4 0  x  1 0 “ 2 2 . 5 4 2  x  1 0 " 2 8 . 9 8  x  1 0 ~3 0 . 3 5 3 3
a  V o lu m e  o f  n i t r o m e t h a n e  s a t u r a t e d  w i t h  n - t e t r a d e c a n e  u s e d  =  1 0 m l  
b  V o lu m e  o f  n - t e t r a d e c a n e  s a t u r a t e d  w i t h  n i t r o m e t h a n e  u s e d  =  5 m l  
c  T h e  p a r t i t i o n  c o n s t a n t  f o r  n - t e t r a d e c a n e / n i t r o m e t h a n e  o b t a i n e d  i n  t h i s  
w o r k
d  A v e r a g e  v a l u e  o f  p a r t i t i o n  c o n s t a n t  f o r  n - t e t r a d e c a n e / n i t r o m e t h a n e  
o b t a i n e d  i n  t h i s  w o r k  
e  T h e  p a r t i t i o n  c o n s t a n t  f o r  n i t r o m e t h a n e / w a t e r  f r o m  p a r t i t i o n  c o n s t a n t  
f o r  n - t e t r a d e c a n e / n i t r o m e t h a n e  g i v e n  i n  t h i s  t a b l e  a n d  p a r t i t i o n  
c o n s t a n t  f o r  n - t e t r a d e c a n e / w a t e r  =  0 . 0 1 2 9  f r o m  R e f .  1 2 8
w a t e r  s a t u r a t e d  w i t h  n i t r o m e t h a n e  a n d  n i t r o m e t h a n e  s a t u r a t e d  w i t h  
w a t e r  a t  2 9 8  K
T h e  s o l v e n t s  n i t r o m e t h a n e  a n d  w a t e r  w e r e  m u t u a l l y  p r e s a t u r a t e d  p r i o r  
t o  u s e  t o  m i n i mi s e  a n y  v o l u m e  c h a n g e s  d u r i n g  e q u i l i b r a t i o n .
A s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  p r e - s a t u r a t e d  w a t e r  w a s  p r e p a r e d  a n d  
a n a l y s e d  a g a i n s t  0 .0 5  m o l  dm” 3 H C 1 . An a c c u r a t e l y  m e a s u r e d  v o l u m e  o f  
c r y p t a n d  222 s o l u t i o n  w a s  a d d e d  t o  a  s t o p p e r e d  t e s t - t u b e  c o n t a i n i n g  a  k n o w n  
v o l u m e  o f  n i t r o m e t h a n e  s a t u r a t e d  w i t h  w a t e r .  T h e  m i x t u r e  w a s  s h a k e n  
v i g o r o u s l y  a n d  t h e n  l e f t  t o  s e t t l e  i n  a  t h e r m o s t a t e d  w a t e r  b a t h  a t  2 5  ±
0 . 0 1  °C  f o r  s e v e r a l  d a y s .  T h e  m i x t u r e  w a s  c e n t r i f u g e d  a n d  t h e n  
t h e r m o s t a t e d  i n  t h e  w a t e r  b a t h  b e f o r e  t h e  t w o  l a y e r s  w e r e  s e p a r a t e d  f o r  
a n a l y s i s  t o  p r e v e n t  s o l v e n t  e v a p o r a t i o n  a n d  r e d i s t r i b u t i o n .
T h e  c o n c e n t r a t i o n  o f  c r y p t a n d  2 2 2  i n  b o t h  t h e  a q u e o u s  a n d  o r g . a n i c  
l a y e r  w a s  d e t e r m i n e d  b y  t i t r a t i o n  w i t h  s t a n d a r d  h y d r o c h l o r i c  a c i d  ( 0 . 0 5 m o l  
dm"3 ) u s i n g  R T S 8 2 2  t i t r a t i o n  r e c o r d i n g  s y s t e m  w i t h  g l a s s - c a l o m e l  
e l e c t r o d e s .  T h i s  e x p e r i m e n t  w a s  d o n e  i n  t r i p l i c a t e .
T h e  p a r t i t i o n  c o e f f i c i e n t  o f  c r y p t a n d  2 2 2  b e t w e e n  w a t e r  s a t u r a t e d  w i t h  
n i t r o m e t h a n e  a n d  n i t r o m e t h a n e  s a t u r a t e d  w i t h  w a t e r  i s  g i v e n  i n  t a b l e  2 . 1 3  
a n d  w a s  c o r r e c t e d  f o r  h y d r o l y s i s  o f  c r y p t a n d  222 i n  t h e  a q u e o u s  p h a s e .
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2 . 7  D e t e r m i n a t i o n  o f  t h e  p a r t i t i o n  c o n s t a n t  o f  c r y p t a n d  2 2 2  b e t w e e n
I l l
b e t w e e n  w a t e r  s a t u r a t e d  w i t h  n i t r o m e t h a n e  a n d  n i t r o m e t h a n e
a
s a t u r a t e d  w i t h  w a t e r  a t  2 9 8  K ( m o l a r  s c a l e )
T a b l e  2 .1 3  D e t e r m i n a t i o n  o f  p a r t i t i o n  c o n s t a n t  ( P c )  o f  c r y p t a n d  2 2 2
b
c r y p t a n d  222 i n  a q u e o u s  p h a s e  
c / m o l  dm- 3
b
c r y p t a n d  2 2 2  i n  P c  
o r g a n i c  p h a s e  
c / m o l  dm- 3
b e f o r e  p a r t i t i o n
<2
a f t e r  p a r t i t i o n a f t e r  p a r t i t i o n
1 .6 6  x  1 0 " 2 1 . 6 1  x  10"2 4 . 4 8  x  1 0 " 4 0 . 0 2 7 8 0
2 . 4 0  x  10” 2 2 . 3 4  x  1 0 " 2
.  d  
5 . 5 2  x  1 0 ~4 0 . 0 2 3 5 9  0 . 0 2 4 5 7
2 . 4 4  x  1 0 " 2 2 . 3 9  x  1 0 ~2 5 . 3 3  x  1 0 ~4 0 . 0 2 2 3 0
a  V o lu m e  r a t i o  o f  n i t r o m e t h a n e  s a t u r a t e d  w i t h  w a t e r :  w a t e r  s a t u r a t e d  
n i t r o m e t h a n e  =  20 :1 0  ( m l )  
b  0 . 0 5  m o l  dm” 3 H C l u s e d  a s  t i t r a n t
c  V a l u e  c o r r e c t e d  f o r  h y d r o l y s i s  o f  c r y p t a n d  2 2 2  t a k i n g  i n t o  a c c o u n t  d a t a  
pK-j =  9 . 6 0  a n d  p K 2 =  7 . 2 8  g i v e n  b y  L e h n  a n d  M o n t a v o n  ( r e f .  1 2 9 )  
d  A v e r a g e  v a l u e
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3 . 1  THERMODYNAMIC PARAMETERS FOR THE TRANSFER OF SINGLE IONS FROM 
WATER TO NITROMETHANE
3 . 1 . 1  S o l u b i l i t y  m e a s u r e m e n t s .  D e r i v e d  f r e e  e n e r g i e s  f o r  t r a n s f e r  o f  
1:1  e l e c t r o l y t e s  f r o m  w a t e r  t o  n i t r o m e t h a n e
Solubility measurements provide extensive data for evaluation of 
thermodynamics of ion-solvent interactions. In determining the 
solubilities of electrolytes, various methods have been employed including 
potentiometric titration, spectrophotometry, gravimetric analysis and 
atomic absorption. From solubility data, solubility products, standard 
free energies of solution, standard enthalpies of solution and free 
energies and entropies of solvation may be obtained. Reilly and Rae183
have discussed some aspects of solubility measurements. An account of the
\
factors that affect the solubility of electrolytes is also presented in a 
book edited by Kolthoff and Elving184. The solubility of an electrolyte in 
any solvent is largely determined by extent of solvation of the ions, 
solvent - solvent interactions and other effects such as volume energy.
Parker et al237 have studied extensively the solubility of various 
electrolytes in a number of solvents. Solubility data were obtained by 
different methods including those mentioned earlier (potentiometric 
titrations, spectrophotometry, gravimetric analysis and atomic absorption 
measurements). Correlations were found for solubility products between 
protic and aprotic solvents. Also it was found that in most cases the 
solubility products of silver salts in any dipolar aprotic solvent could be 
derived from its solubility product in another dipolar aprotic solvent.
Popovych183 and Friedman188 have studied medium effects in water and 
methanol of potassium tetraphenylborates and picrates,
t r i i s o a m y l b u t y l a m m o n i u m  a n d  t e t r a b u t y l a m m o n i u m  d e r i v e d  f r o m  t h e i r  
s o l u b i l i t y  p r o d u c t s .
A n a l y s i s  o f  s o l u b i l i t y  d a t a  i n  m e t h a n o l  w e r e  d o n e  t a k i n g  i n t o  a c c o u n t  
i o n  p a i r  f o r m a t i o n  c o n s t a n t s  a s  o b t a i n e d  f r o m  c o n d u c t a n c e  m e a s u r e m e n t s , t o  
c a l c u l a t e  t h e  i o n i c  c o n c e n t r a t i o n s  a n d  h e n c e , a c t i v i t i e s  o f  i o n s  i n  t h e  
s a t u r a t e d  s o l u t i o n .
T h e  e q u i l i b r i u m  b e t w e e n  a  s o l i d  M^v X‘„- a n d  a  s a t u r a t e d  s o l u t i o n  o f  i t s  
i o n s  i n  a  g i v e n  s o l v e n t  p r o v i d e d  t h a t  t h e  e l e c t r o l y t e  i s  f u l l y  d i s s o c i a t e d
i n  t h a t  s o l v e n t  f o r  t h e  p r o c e s s  a s  d e s c r i b e d  b y
( s o l i d ) ; ? = +  v+Mz + ( s )  +  i / - X z " ( 3 . 2 )
m a y  b e  e j q p r e s s e d  b y
. a ^ + ( s ) . a ^ ( s )
k T -  _ M_________x ________ ( 3 . 3 )
a . ,  YT ( s o l i d )M^ X „ _
w h e r e  a  r e p r e s e n t s  t h e  a c t i v i t y ;  1/+ a n d  y -  a r e  t h e  n u m b e r  o f  c a t i o n s  a n d
a n i o n s ;  r e s p e c t i v e l y  t h e  e l e c t r o l y e  d i s s o c i a t e s  t o .
T h e  c h a n g e  i n  f r e e  e n e r g y  o n  d i s s o l u t i o n  o f  o n e  m o l e  o f  e l e c t r o l y e  i s  
g i v e n  b y
AG = AG° + R T ln  a M*a x __________  ( 3 . 4 )
a Mv+-'X„_ ( s o l i d )
T h e  a c t i v i t y  o f  a  s o l i d  i s  u n i t y  b y  c h o i c e  o f  s t a n d a r d  s t a t e  a n d  e q n .  ( 3 . 4 )
i s  g i v e n  g e n e r a l l y  a s
AG =  Ag° +  R T ln  a ^ a ^ "  ( 3 . 5 )M X
A s  AG = 0 ,  w h e n  t h e  s o l u t e  i s  i n  e q u i l i b r i u m  w i t h  a  s a t u r a t e d  s o l u t i o n  o f
i t s  i o n s  r e l a t i o n  ( 3 . 5 )  l e a d s  t o
Ag °  = -R T ln a ^ + a i '”  ( 3 . 6 )M X
1 1 4
where the product aj^+a "^" f°r tbe saturated solution - is the ion-activity 
solubility product; K Sp.
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T h e  a c t i v i t y ,  o n  t h e  m o l a r  s c a l e  i s  r e l a t e d  t o  t h e  m e a n  i o n i o  a c t i v i t y  
c o e f f i c i e n t  f ^  b y
w h e r e  c ^  i s  t h e  c o n c e n t r a t i o n  o f  i o n s  i n  s o l u t i o n .  F o r  a  1 : 1  e l e c t r o l y t e ;  
e x p r e s s i o n  3 . 7  i s  g i v e n  b y
Ks p  -  c i f ± 2 <3 - 8 )
° i f ± ( 3 . 7 )
H o w e v e r ,  i n  n o n - a q u e o u s  m e d i a  t h e  e l e c t r o l y t e  c o u l d  b e  p r e s e n t  a s  i o n s ;  c ^
o r  a s  i o n  p a i r s ;  c i r. a n d  t h e n  t h e  t o t a l  m o l a r  c o n c e n t r a t i o n ;  c  w o u l d  b e  
-4? T
g i v e n  b y
CT “  c i  +  c i p  ( 3 . 9 )
T h e n ,  t h e  f o l l o w i n g  e q u i l i b r i u m  m u s t  b e  c o n s i d e r e d
M + ( s )  +  X " ( s ) M + X ~ ( s )  ( 3 . 1 0 )
T h e  i o n  p a i r  f o r m a t i o n  c o n s t a n t ;  Ka  f o r  p r o c e s s  ( 3 . 1 0 )  i s  g i v e n  b y
K a  =  a M+ x “ ( s ) / a M+ ( s ) ' V ( s )  ( 3 . 1 1 )
E x p r e s s i o n  3 . 1 1  m ay b e  w r i t t e n  i n  t e r m s  o f  t h e  m o l a r  m e a n  a c t i v i t y  
c o e f f i c i e n t
K a  c i p f ± i p / c i f ±  ( 3 . 1 2 )
a s s u m i n g  t h a t  i s  e q u a l  t o  u n i t y  a n d  s u b s t i t u t i n g  c ijp  b y  i t s  e q u i v a l e n t
( 3 . 9 )  c ^ p  =  c ^  -  C ! > 3 . 1 2  m a y  b e  w r i t t e n  a s
K a  = ( c T  -  C i ) / c 2f 2
( 3 . 1 3 )
1 1 6
E x p r e s s i o n  3 . 1 3  c a n  g i v e  a  q u a d r a t i c  e q u a t i o n  o f  t h e  f o r m  a x 2 +  b x  +  c  =  0
K ac i 2 f ± 2 "  CT + c i  = 0 <3 ‘ 1 4 >
Solving f o r  c  gives
= i  =  - 1 ± J T - 4 K a f ± 2 o T / 2 K a f ±2 ( 3 . 1 5 )
T h e  m e a n  i o n i c  a c t i v i t y  c o e f f i c i e n t  i s  e v a l u a t e d  b y  m e a n s  o f  t h e  
e x t e n d e d  D e b y e - H i i c k e l  e q u a t i o n .
l 0 g f ±  =  +  c ± 1) ( 3 . 1 6 )
i n  w h i c h  A i s  t h e  D e b y e - H i i c k e l  s l o p e  f o r  a c t i v i t y  c o e f f i c i e n t s  a n d  
e v a l u a t e d  a s
A -
_ t  t  3 / 2
1 . 8 2 4 6  x  1 0 e  m o l  I K  ( 3 . 1 7 )
, 3 / 2
(6 T )
O _1_ L L
a n d  5 0 . 2 9  A m o l  1 K ( 3 . 1 8 )
B-
( d T r
o
A i s  t h e  i o n  s i z e  p a r a m e t e r ;  £ ,  t h e  d i e l e c t r i c  c o n s t a n t  o f  t h e  s o l v e n t  a n d  
T t h e  t e m p e r a t u r e  i n  d e g r e e  K e l v i n .
I n  t h i s  w o r k ,  t h e  c o m p u t e r  p r o g r a m m e  ( B A S I C ,  a v a i l a b l e  o n  r e q u e s t ) ,
w a s  u s e d  f o r  e v a l u a t i o n  o f  t h e  i o n i c  m o l a r  c o n c e n t r a t i o n  c .  a n d  f  ; t h ex ±
m e a n  i o n i c  a c t i v i t y  c o e f f i c i e n t  b y  a n  i t e r a t i v e  p r o c e d u r e .
F o r  t h e  i n i t i a l  a p p r o x i m a t i o n  o f  f ± ; t h e  i o n i c  m o l a r  c o n c e n t r a t i o n  c ^
\w a s  t a k e n  a s  a  f r a c t i o n  o f  t h e  t o t a l  c o n c e n t r a t i o n ;  c  . T h e  v a l u e  o b t a i n e d
T
f o r  f +  w a s  t h e n  u s e d  t o  e v a l u a t e  a  v a l u e  f o r  c ^  a n d  s u b s e q u e n t l y ,  t h e  m e a n  
i o n i c  a c t i v i t y  c o e f f i c i e n t  f ^  o f  t h e  d i s s o c i a t e d  e l e p t r o l y t e  i n  s o l u t i o n .  
T h i s  p r o c e d u r e  c o n t i n u e s  u n t i l  n o  v a r i a t i o n  i n  t h e  v a l u e s  o f  a n d  f ^  i s  
f o u n d .
T h e s e  f i n a l  v a l u e s  a r e  t h e n  u s e d  t o  c a l c u l a t e  t h e  f r e e  e n e r g y  o f  s o l u t i o n ;  
o
AGS o f  t h e  e l e c t r o l y t e  f r o m  e q n .  3 . 1 9
°  o
A G S =  - R T l n ( c i f ± ) 2 ( 3 . 1 9 )
i n  w h i c h  R i s  t h e  g a s  c o n s t a n t , a n d  T i s  t h e  t e m p e r a t u r e  i n  d e g r e e  K e l v i n .
A s  p a r t  o f  t h i s  w o r k ,  t h e  s o l u b i l i t i e s  o f  v a r i o u s  1 : 1  e l e c t r o l y t e s  i n  
n i t r o m e t h a n e  w e r e  d e t e r m i n e d  s o  a s  t o  o b t a i n  t h e  s o l u b i l i t y  ( i o n - a c t i v i t y ) 
p r o d u c t ,  a n d  f r e e  e n e r g i e s  o f  s o l u t i o n  o f  t h e s e  e l e c t r o l y t e s  i n  
n i t r o m e t h a n e .
T a b l e  3 . 1  c o n t a i n s  t h e  s o l u b i l i t i e s  o f  a  n u m b e r  o f  e l e c t r o l y t e s  i n  
n i t r o m e t h a n e  a s  m e a s u r e d  f r o m  t h e  t w o  m e t h o d s ;  p o t e n t i o m e t r i c  t i t r a t i o n  a n d  
g r a v i m e t r i c  a n a l y s i s .  T h e  s o l u b i l i t y  v a l u e s  f o r  t h e  h a l i d e  a n d  
t e t r a p h e n y l b o r a t e  s a l t s  a r e  t h e  r e s u l t s  o f  t w o  s e p a r a t e  m e a s u r e m e n t s ,  
p o t e n t i o m e t r i c  t i t r a t i o n  a n d  g r a v i m e t r i c  a n a l y s i s .  E a c h  a n a l y s i s  w a s  
p e r f o r m e d  i n  d u p l i c a t e  a n d  t h e  r e l a t i v e  p r e c i s i o n  o f  t h e  d e t e r m i n a t i o n s  
f o u n d  t o  b e  1 - 2 % .  F o r  t h e  p i c r a t e  a n d  p e r c h l o r a t e  s a l t s ,  t h e  s o l u b i l i t y  
d a t a  a r e  r e s u l t s  o f  t w o  d e t e r m i n a t i o n s  b y  t h e  g r a v i m e t r i c  m e t h o d  w i t h  a  
r e l a t i v e  p r e c i s i o n  o f - k - 1%.
T h e  s o l u b i l i t y  ( i o n - a c t i v i t y )  p r o d u c t  g i v e n  a s  p K G, w e r e  e v a l u a t e d  
f r o m  t h e  s o l u b i l i t y  d a t a  u s i n g  e q n .  ( 3 . 8 )  . V a l u e s  o f  t h e  i o n  p a i r
o
a s s o c i a t i o n  c o n s t a n t ,  K a ; a n d  i o n  s i z e  p a r a m e t e r ,  a ;  u s e d  i n  e s t i m a t i n g  
i o n i c  m o l a r  c o n c e n t r a t i o n  a n d  t h e  m e a n  m o l a r  i o n i c  a c t i v i t y  c o e f f i c i e n t  f o r
1 1 7
T a b l e  3 . 1  S o l u b i l i t i e s ,  s o l u b i l i t y  ( i o n  a c t i v i t y )  p r o d u c t s  a n d  d e r i v e d  f r e e  
e n e r g i e s  o f  s o l u t i o n  ( m o l a r  s c a l e )  o f  1 :1  e l e c t r o l y t e s  i n  
n i t r o m e t h a n e  a t  2 9 8  K
1 1 8
a o  o  o
e l e c t r o l y t e  S o l u b i l i t y  K a  a  pK s  A G s
/ m o l  dm” 3 K c a l  m o l ” 1
N a C l04 2 . 5 1 X 10” 2
b
2 4 3 . 0 3 . 7 4 5 . 1 0
k c i o 4 2 . 6 0 X 10” 3
b
3 3 3 . 4 5 . 3 7 7 . 3 3
R b c l o 4 3 . 0 2 X 10 ” 3
b
20 4 . 5 5 . 2 3 7 . 1 4
Me 4C l 0 4 1 . 4 2 X 1 0 " 1
b
10 4 . 2 2 . 5 4 3 . 4 7
P h 4P C l 0 4 5 . 8 4 X 10” 2
b
1
b
4 . 4 3 . 0 0 4 . 0 9
P h 4A s C l 0 4 3 . 5 0 X 10"2
b
1
b
4 . 4 3 . 3 6 4 . 5 8
N a l 3 . 0 7 X 10“ 2
b
3 0
b
3 . 6 3 . 6 1 4 . 9 3 '
3 . 2 0 X
0 f
10~2
b
3 0
b
3 . 6 3 . 5 9 4 . 9 0
K I 1 . 6 3 X 10” 2
c
4 0
b
3 . 5 4 . 0 8 5 . 5 7
R b l 2.20 X 10” 2
b
5 0
b
3 . 7 3 . 9 3 5 . 3 6
2 . 4 4 X 10 2
b
5 0
b
3 . 7 3 . 8 6 5 . 2 7
C s l 1 . 4 2 X 10” 2
b
5 5
b
3 . 9 4 . 2 1 5 . 7 4
M e4 N I 1 . 7 9 X o f10” 2
d
12
d
3 . 5 3 . 9 1 5 . 3 3
E t 4 N I 2 . 0 9 X 1f10“ 1
d
2
d
3 . 9 2.21 3 . 0 1
P r 4 N l 7 . 2 5 X 10“ 1
d
1
d
4 . 1 1 . 3 6 1.86
7 . 1 0 X - 1f  10 1
d
1
d
4 . 1 1 . 3 7 1 . 8 7
B u 4N I v e r y s o l u b l e - - - -
P h 4 P I 9 . 9 0 X 10“ 2
e
1
e
4 . 3 2 . 6 5 3 . 6 2
P h 4 A s I 8.10 X 10” 2
e
1
e
4 . 3 2 . 7 8 3 . 7 9
N a B r 2 . 3 3 X 10” 4
b
8 2 3 . 2 7 . 3 2 9 . 9 9
/ C o n t d
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a  o o  .o
e l e c t r o l y t e  S o l u b i l i t y  K a  a  pK g  A G g
/ m o l  dm" 3 K c a l  m o l" 1
T a b l e  3 . 1  c o n t i n u e d
K B r 4 . 9 9 X 10"4
b
8 5 3 . 4 6 . 7 0 9 . 1 4
C s B r 1 . 6 2 X 10" 3
b
8 7 3 . 8 5 . 7 7 7 . 8 7
Me4 N B r 1 . 8 0 X 10“ 2 31  9 4 . i g 3 . 9 8 5 . 4 3
E t 4N B r 8.10 X 1 0 " 1 17 9 3 . 3 g 1 . 4 4 1 . 9 6
P r 4 N B r v e r y s o l u b l e - s o l v a t e f o r m a t i o n
B ^ N B r v e r y s o l u b l e - s o l v a t e f o r m a t i o n
P h 4 P B r 8 . 6 5 X 10” 1 - s o l v a t e f o r m a t i o n
KC1 6 . 9 0 X 10~5
b
100
b
3 . 3 8 . 3 3 1 1 . 3 7
R b C l 3 . 0 0 X 10~4
b
110
b
3 . 5 7 . 1 2 9 . 7 1
M e4 N P i 8 . 3 4 X 10~1 s o l v a t e f o r m a t i o n
E t 4 N P i 1 . 9 8 s o l v a t e f o r m a t i o n
K P h 4 B 6 . 4 0 X 1G~3
h
1
h
5 . 5 4 . 6 0 6 . 2 8
R b P h 4 B 5 . 8 0 X 10"3
h
1
h
5 . 3 4 . 6 8 6 . 3 9
E t 4N P h 4 B 3 . 3 5 X 10“ 2
h
2
h
5 . 2 3 . 3 8 4 . 6 1
P h 4P P h 4 B 1 . 9 1 X 10~3
h
1
h
5 . 8 5 . 5 6 7 . 5 9
P h 4A s P h 4 B 1 . 6 7 X 10“ 3
h
1
h
6.8 5 . 6 7 7 . 7 4
T a b l e  1 a  c o n t i n u e d  
a  T h i s  w o r k
b  E s t i m a t e d  v a l u e s  f r o m  c o n d u c t a n c e  m e a s u r e m e n t s  ( r e f .  1 8 7 )  
c  R e f .  1 8 8 .  d  R e f .  1 8 9 .  e  R e f .  1 9 0 .  f  R e f .  1 9 1 .  9  R e f .  1 9 2
11 E s t i m a t e d  v a l u e s  f r o m  R e f  . 1 9 2
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e a c h  e l e c t r o l y t e  u s i n g  c o m p u t e r  p r o g r a m m e  a r e  g i v e n  i n  t a b l e  3 . 1 .  T h e
o
f r e e  e n e r g i e s  o f  s o l u t i o n  o f  t h e  e l e c t r o l y t e s  i n  n i t r o m e t h a n e ;  A g s [M+  +  X "] 
a s  o b t a i n e d  f r o m  t h e  s o l u b i l i t y  p r o d u c t s  u s i n g  e q n .  ( 3 . 1 9 )  a r e  a l s o  g i v e n ;  
( t a b l e  3 . 1 ) .  T h i s  m e t h o d  a s  d e s c r i b e d  f o r  d e t e r m i n i n g  t h e  f r e e  e n e r g i e s  o f  
s o l u t i o n  i s  v a l i d  o n l y  w h e n  t h e  e l e c t r o l y t e  d i s s o l v e s  i n  t h e  s o l v e n t  
w i t h o u t  s o l v a t e  f o r m a t i o n .  A l l  t h e  e l e c t r o l y t e s  u s e d  w e r e  t e s t e d  f o r  
s o l v a t e  f o r m a t i o n  i n  n i t r o m e t h a n e  b y  t h e  m e t h o d  d e s c r i b e d  b y  d e  L i g n y  e t  
a l 2 3 8 . Me 4N P i ,  E t 4 N P i  a n d  P h 4 P B r  w e r e  f o u n d  t o  f o r m  s o l v a t e s  i n
o
n i t r o m e t h a n e  b y  t h i s  m e t h o d  a n d  w e r e  n o t  u s e d  i n  c a l c u l a t i o n s  f o r  &GS .
T a b l e  3 . 2  c o n t a i n s  s t a n d a r d  f r e e  e n e r g i e s  o f  s o l u t i o n  o f  e l e c t r o l y t e s
°  ,
i n  w a t e r  a n d  f r e e  e n e r g i e s  o f  t r a n s f e r ,  A G t [Mr +X “ ] f r o m  w a t e r  t o
o
n i t r o m e t h a n e  a t  2 9 8  K o f  d i s s o c i a t e d  e l e c t r o l y t e s .  T h e  A G S v a l u e s  i n
w a t e r  f o r  e l e c t r o l y t e s  g i v e n  i n  t a b l e  3 . 2  a r e  t h o s e  r e p o r t e d  i n  t h e
l i t e r a t u r e  1 9 4 - 1 9 6 t v a l u e s  f o r  Ag s  i n  w a t e r  o f  K P i ,  M e4 N P i  a n d  E t 4 N P i  a r e
t h o s e  r e p o r t e d  b y  D a n i l  d e  N a m o r  a n d  c o w o r k e r s l 9 3 ,  o b t a i n e d  f r o m  d i r e c t
s o l u b i l i t y  m e a s u r e m e n t s  o f  t h e s e  e l e c t r o l y t e s  i n  w a t e r .
M o s t  o f  t h e  e l e c t r o l y t e s  a r e  m u ch  l e s s  s o l u b l e  i n  n i t r o m e t h a n e  t h a n  i n
w a t e r .  E x c e p t  f o r  t h e  t e t r a p h e n y l b o r a t e  s a l t s  s u c h  a s  P h 4P P h 4 B a n d
P h 4A s P h 4B , a n d  t h e  t e t r a p h e n y l a r s o n i u m  a n d  t e t r a p h e n y l p h o s p h o n i u m  s a l t s
°  ,
s u c h  a s  P h 4P C l 0 4 , P h 4A s C l 0 4 , P h 4 P I  a n d  P h 4A s I ,  A G t [Mi ' +  X “ ] v a l u e s  a r e  
p o s i t i v e  i n d i c a t i n g  t h a t  m o s t  o f  t h e  e l e c t r o l y t e s  a r e  m u c h  l e s s  s o l u b l e  i n  
n i t r o m e t h a n e  t h a n  i n  w a t e r .
R e s u l t s  s h o w  t h a t  n i t r o m e t h a n e  i s  g e n e r a l l y  a  p o o r  s o l v e n t  f o r  m o s t  
u n i - u n i v a l e n t  e l e c t r o l y t e s .
H a v i n g  o b t a i n e d  t h e  f r e e  e n e r g i e s  o f  t r a n s f e r  o f  1 1 1  e l e c t r o l y t e s  f r o m  
w a t e r  t o  n i t r o m e t h a n e  ( t a b l e  3 . 2 )  t h e  s i n g l e - i o n  f r e e  e n e r g i e s  o f  t r a n s f e r  
AGt  a r e  c a l c u l a t e d  u s i n g  P a r k e r ' s  c o n v e n t i o n 1 9 7
A G ^ [ P h 4A s + ]  =  A G ° [ P h 4B “ ]
T a b l e  3 . 2  F r e e  e n e r g i e s  o f  t r a n s f e r  ( m o l a r  s c a l e )  o f  1 : 1  e l e c t r o l y t e s  f r o m  
w a t e r  t o  n i t r o m e t h a n e  i n  K c a l  m o l" 1 a t  2 9 8  K
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e l e c t r o l y t e Ag,
(M eN0 2 )
Ag,
(h20) o b s .
A G t  (H 2 0  M eN 02 )
c a l c
N a C lC >4
IC C l04
R b C l0 4
Me4N C 104
Ph4P C l04
Ph4AsClC>4
N a l
K I
R b l
CSX
M e4 N I
E t 4 N I
P r 4 N I
5 . 1 0
7 . 3 3  
7 . 1 4  
3 . 4 7  
4 . 0 9  
4 . 5 8  
4 . 9 3
4 . 9 0
5 . 5 7
5 . 3 6
5 . 2 7
5 . 7 4
5 . 3 3  
3 . 0 1  
1 .8 6
- 3 . 8 0  
2 . 6 5  
3 . 4 7  
3 . 4 5  
1 0 . 9 6  
1 1 . 3 0  
- 7  . 3 0
- 7 . 3 0
- 2 . 7 9
- 2 . 0 0
- 2 . 0 0  
- 0 . 1 0  
2 . 3 3  
1 . 1 5  
2 . 1 3
8 . 9 0
4 . 6 8
3 . 6 7
0 . 0 2
- 6 . 8 7
- 6 . 7 2
1 2 . 2 3
1 2 . 2 0
8 . 3 6
7 . 3 6
7 . 2 7  
5 . 8 4  
3 . 0 0  
1 .86  
- 0 . 2 7
1 2 . 2 2
7 . 3 2
8 . 6 7
4 . 8 1
3 . 7 6
0 . 0 2
- 6 . 9 0
- 6 . 6 8
1 2 . 0 6
8 . 2 0
7 . 1 5
5 . 8 6
3 . 4 1
2 . 0 6
- 0 . 2 7
1 . 8 7 2 . 1 3 - 0 . 2 6
/C o n td
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T a b l e  3 . 2  c o n t i n u e d
e l e c t r o l y t e a °  aAgs
o  b
A gs
o
A G t  ( H2 0  M eN 02 )
(M eN0 2 ) ( h 2o )
c  d  
o b s .  c a l c
P h 4 P I 3 . 6 2 7 . 1 2 - 3 . 5 0 - 3 . 5 1
P h 4 A s I 3 . 7 9 7 . 1 3 - 3 . 3 4 - 3 . 2 9
N a B r 9 . 9 9 - 4 . 1 0 1 4 . 0 9 1 4 . 4 7
K B r 9 . 1 4 - 1  . 4 1 1 0 . 5 5 10.6
C s B r 7 . 8 7 - 0 . 4 0 8 . 2 7 8 . 2 7
M e4 N B r 5 . 4 3 - 0 . 7 9 6.22 5 . 8 2
E t 4 N B r 1 . 9 6 - 2 . 4 9 4 . 4 5 4 . 4 7
K C l 1 1 . 3 7 - 1.22 1 2 . 5 9 ' 1 2 . 6 9
R b C l 9 . 7 1 - 2. 0 0 1 1 . 7 1 1 1 . 6 4
K P h 4 B 6 . 2 8 10.20 - 3 . 9 2 - 4 . 1 1
R b P h 4 B 6 . 3 9 1 1 . 6 0 - 5 . 2 1 - 5 . 1 6
E t 4N P h 4 B 4 . 6 1 1 4 . 5 6 - 9 . 9 5 - 1 0 . 2 5
P h 4P P h 4 B 7 . 5 9 2 3 . 3 7 - 1 5 . 7 8 - 1 5 . 8 2
P h 4A s P h 4 B 7 . 7 4 2 3 . 6 0 - 1 5 . 8 6 - 1 5 . 6 0
o
a  A G S v a l u e s f r o m  t a b l e 3 . 1
b  R e f .  1 9 3
O
c  AGt [MX] (H 20 — >M eN 0 2 ) =5 A G g [MX] (M eN 02 ) -  AG® [ MX ] ( H20 )
^  C a l c u l a t e d v a l u e s  a r e
o
o b t a i n e d  f r o m  c o m b i n a t i o n  o f  s i n g l e - i o n  AGt v a l u e s
g i v e n  i n  t a b l e  3 . 3
A G t  v a l u e s  f r o m  w a t e r  t o  n i t r o m e t h a n e  o f  9  c a t i o n s  a n d  5 a n i o n s  a r e  g i v e n
o
i n  t a b l e  3 . 3 .  T h e s e  d a t a  a r e  c o m b i n e d  t o  c a l c u l a t e  AG-^ v a l u e s  f o r  t h e  1 : 1
o
e l e c t r o l y t e s  a n d  a r e  c o m p a r e d  w i t h  o b s e r v e d  AG -^ v a l u e s  f o r  c o r r e s p o n d i n g  
e l e c t r o l y t e s  i n  t a b l e  3 . 2 .
o
T h i s  p e r m i t s  t e s t i n g  f o r  t h e  s e l f  c o n s i s t e n c y  o f  t h e  o b t a i n e d  AGt [M ++X "] 
v a l u e s  ( t a b l e  3 . 2 ) .
• °  4 .W hen c o m p a r i n g  t h e  o b s e r v e d  a n d  c a l c u l a t e d  AGt  [M T+X"] v a l u e s ,  a n
a v e r a g e  d i f f e r e n c e  o f  a b o u t  0 . 1 3  K c a l  m o l*"1 i s  f o u n d ,  s h o w i n g  e x c e l l e n t
o
c o n s i s t e n c y  f o r  t h e s e  AGt [M++x"“3 v a l u e s .  T h e  s i n g l e - i o n  v a l u e  f o r  P r 4N +
o
w a s  c a l c u l a t e d  f r o m  AGt [ P r 4N l 3 f r o m  w a t e r  t o  n i t r o m e t h a n e .
F r e e  e n e r g i e s  f o r  t r a n s f e r  o f  a  n u m b e r  o f  s i n g l e  i o n s  b e t w e e n  w a t e r
a n d  n i t r o m e t h a n e  b a s e d  o n  t h e  P h ^ A sP V ^ B  c o n v e n t i o n ,  h a v e  b e e n  r e p o r t e d  i n
t h e  l i t e r a t u r e  b y  P a r k e r  a n d  c o w o r k e r s 198 a n d  a r e  g i v e n  i n  t a b l e  3 . 4  f o r  
o
c o m p a r i s o n  w i t h  AG^. v a l u e s  f o r  t h e  c o r r e s p o n d i n g  s i n g l e - i o n s  o b t a i n e d  i n
t h i s  w o r k  ( t a b l e  3 . 3 ) .
°  + +F o r  t h e  AGt  o f  K*1* a n d  M e4N'r c a t i o n s  a n d  f o r  t h e  X a n i o n / d i s c r e p a n c i e s
° 1a r e  f o u n d .  T h e  A G ^ .[I~ ]  v a l u e  d e r i v e d  i n  t h i s  w o r k  i s  ~ 1 . 6  K c a l  m o l " 1
o
h i g h e r  t h a n  t h e  l i t e r a t u r e  v a l u e .  A l s o  t h e  AGt [M e4N+ ] v a l u e  o b t a i n e d  i s
- 1 . 3 K c a l  m o l" 1 l o w e r  t h a n  t h a t  p r e v i o u s l y  r e p o r t e d 1 9 8 . T h i s  h o w e v e r  i s
obecause the literature value was calculated using AGt [l"] value from one 
single solubility data; that of M^NI.
o
I n  a d d i t i o n , t h e  m o l a r  ( i o n  a c t i v i t y )  s o l u b i l i t y  p r o d u c t ;  p K s  f o r  a
n u m b e r  o f  1:1  e l e c t r o l y t e s  m o s t l y  c o n t a i n i n g  s i l v e r  a s  t h e  c a t i o n  w e r e
o
f o u n d  i n  t h e  l i t e r a t u r e .  T h e s e  d a t a  w e r e  u s e d  t o  d e r i v e  AGt  v a l u e s  f o r
e l e c t r o l y t e s  f r o m  w a t e r  t o  n i t r o m e t h a n e  a n d  a r e  g i v e n  i n  t a b l e  3 . 5 .
°  , o
AG-j. [M 'N-X"] c a l c u l a t e d  f r o m  s i n g l e  i o n  AG^. v a l u e s  ( t a b l e  3 . 3 )  d e r i v e d  i n
t h i s  w o r k  a r e  a l s o  g i v e n  i n  t h i s  t a b l e .
1 2 3
o
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0 0nitromethane based on AGt (Ph4As+) = AGt (Ph4B") in Kcal mol"1 at 
298 K
T a b l e  3 . 3  S i n g l e  i o n  f r e e  e n e r g i e s  o f  t r a n s f e r  ( m o l a r  s c a l e )  f r o m  w a t e r  t o
Ion A g ° Ion 0A G t
Na+ 7.55 ± a0.25 Cl“ 9.00 ± a0.10
K+ 3.69 ± a0.10 Br~ 6.92 ± a0.15
Rb+ 2.64 ± a0.10 1“ 4.51 + a0.15
Cs+ 1.35 ± a0.05 C104- 1.12 ± a0.10
Me4N+ -1.10 ± a0.25 Ph4B“ -7.80 ± a0.15
Et4N+ -2.45 ± a0.15
Pr4N+
b
-4.77
Ph4P+ 1 03 O to H- a0.05
Ph4As+ +10 CO1 a0.20
a These values are the mean of the differences between the observed and 
o
calculated AG^. values in table 3.2 for transfers involving this ion.
.  o33 From AGt (H20 — >MeN02 ) value for Pr4NI
T a b l e  3 . 4  L i t e r a t u r e  v a l u e s  o f  s i n g l e - i o n  f r e e  e n e r g i e s  o f  t r a n s f e r  f r o m
w a t e r  t o  n i t r o m e t h a n e  b a s e d  o n  P h 4A s P h 4 B c o n v e n t i o n  i n  K c a l  rtvcl” 1 
a t  2 9 8  K
1 2 5
o
I o n  A G t
A g +
a
5 . 8
IC+
b
5 . 8
c
B r “ 7 . 2
c
I " 2 . 9
c
* 3 ~ 6.0
c
SCN" 2.1
M e4N+ 0 . 2 4 *
a  R e f .  1 9 9  
b  R e f .  2 0 0  
c  R e f .  1 9 8
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T a b l e  3 . 5  F r e e  e n e r g i e s  o f  t r a n s f e r  ( m o l a r  s c a l e )  o f  1 : 1  e l e c t r o l y t e s  f r o m
.  o
w a t e r  t o  n i t r o m e t h a n e  i n  K c a l  m o l” 1 o b t a i n e d  f r o m  l i t e r a t u r e  p K s
v a l u e s  a t  2 9 8  K
e l e c t r o l y t e
o
PK S
o
A g s
(M eN 0 2 )
o
A g s
( h 2o )
o
A Gt
o
A e t
c a l c
A g l 2 2 . 7 a 3 1  .0 2 1 . 9 d 9 . 0 1 0 . 4 1 h
2 2 . 5 b 3 0 . 7 2 1 . 9 d 8 . 8
A g B r 21 . 9 a 2 9 . 9 1 6 . 7 d 1 3 . 2
2 1 . 7 b 2 9 . 6 1 6 . 7 d 1 2 . 9 1 2 . 8 2 h
2 1 . 8 ° 2 9 . 8 1 6 . 7 d 1 3 . 1
A g C l 2 0 . 0 a 2 7 . 3 1 3 . 3 d 1 4 . 0 1 4 . 9 h
21 , 2 b 2 8 . 9 1 3 . 3 d 1 5 . 6
A g P h 4 B 1 5 . 6 a 2 1  . 3 2 3 . 5 ® - 2. 2 - 1 . 9 h
1 5 . 5 b 21. 1 2 3 . 5 s - 2 . 4
AgSCN 1 8 .  I a 2 4 . 7 1 6 . 3 f 8 . 4
' 1 8 . 9 b 2 5 . 8 1 6 . 3 f 9 . 5
A g N 3 1 7 . 6 a 2 4 . 0 f1 1 . 7 1 2 . 3
1 9 . 7 ° 2 6 . 9 1 1 . 7 f 1 5 . 2
N a C l 1 0 . ob 1 3 . 6 - 2 . 1 5 d 1 5 . 7 5 1 6 . 5 5 1
C s C l 6 . 1 a 8 . 3
_ . „ d  
- 2 . 1 5 1 0 . 4 5 1 0 . 3 5
KB r 6 . 4 a 8 . 7 - 1 . 4 1 d 10. 11 1 0 . 6 1
P h 4 A s I 2 .1 a 2 . 9 7 . 1 3 d - 4 . 2 - 3 . 3 1
P h 4A s P h 4 B 5 . 7 a 7 . 8 2 3 . 6 g - 1 5 . 8 - 1 5 . 6  1
a  R e f .  1 3 1 .  b  R e f .  2 0 1 .  c  R e f .  1 9 9 .  d  R e f .  1 9 5 .  e  R e f .  2 0 2 .
f  R e f .  1 9 7 .  9  Re f .  1 9 3
b  c a l c u l a t e d  f r o m  a v e r a g e  AGt  v a l u e s  ( t a b l e  3 . 3 )  a n d  A G t [ A g + ] ( t a b l e  3 . 4 )
1  c a l c u l a t e d  f r o m  s i n g l e  i o n  v a l u e s  g i v e n  i n  t a b l e  3 , 3
o
3 c a l c u l a t e d  u s i n g  A G t  v a l u e s  ( t a b l e  3 . 4 )
1 2 7
AGt [M ++X "] (M+  +  X ~ -  C s C l ,  K B r  a n d  P h 4A s P h 4B )  o b t a i n e d  f r o m  t h e  l i t e r a t u r e
o
d a t a  o f  p K s  ( t a b l e  3 . 5 ) .  
o
T h e  p K s  v a l u e  f o r  P h 4A s P h 4 B i n  n i t r o m e t h a n e  r e p o r t e d  i n  t h e  l i t e r a t u r e  i s
that due to Alexander and Parker131'202, and includes a correction for the
m e a n  i o n i c  a c t i v i t y  c o e f f i c i e n t  u s i n g  D a v i e s  e q u a t i o n 2 0 4 , w h e r e a s  t h e
D e b y e - H u c k e l  e q u a t i o n  i s  u s e d  i n  t h i s  w o r k .  H o w e v e r ,  i t  c a n  b e  c o n c l u d e d
o
t h a t  t h e  l i t e r a t u r e  v a l u e  f o r  p K g  o f  P h 4A s P h 4 B a n d  c o r r e s p o n d i n g  v a l u e
o
o b t a i n e d  i n  t h i s  w o r k  a r e  c l o s e  s i n c e  t h e  f i n a l  AGS v a l u e s  o b t a i n e d  s h o u l d
n o t  b e  s i g n i f i c a n t l y  d i f f e r e n t  f r o m  e a c h  o t h e r .
S i n g l e  i o n  f r e e  e n e r g i e s  o f  t r a n s f e r  f r o m  w a t e r  t o  n i t r o m e t h a n e  h a v e
a l s o  b e e n  r e p o r t e d  b y  M a r c u s 1 3 8 ' 2 0 3 . T h i s  a u t h o r  e x p r e s s e d  d i f f i c u l t y  i n
o
a s s i g n i n g  s i n g l e - i o n  AGt  v a l u e s  b a s e d  o n  t h e  P h 4A s P h 4 B c o n v e n t i o n ,  a s  h e  
f o u n d  l a r g e  d i f f e r e n c e s  i n  t h e  f e w  l i t e r a t u r e  v a l u e s  f o r  t r a n s f e r  o f  P h 4A s +
a n d  P h 4B ~ i o n s  f r o m  w a t e r  t o  n i t r o m e t h a n e .
o
F r o m  t a b l e  3 . 3 ,  AGt  v a l u e s  f o r  a l l  c a t i o n s  e x c e p t  t h e  h y d r o p h o b i c
c a t i o n s  R4N + , P h 4A s +  a n d  P h 4P + a r e  p o s i t i v e , s h o w i n g  t h a t  n i t r o m e t h a n e  i s
i n d e e d  a  p o o r  s o l v a t o r  f o r  c a t i o n s .  A d e f i n i t e  s i z e  e f f e c t  r e f l e c t e d  i n  
o
AGt  i s  o b s e r v e d  f o r  t h e s e  c a t i o n s  w i t h  t h e  f r e e  e n e r g y  o f  t r a n s f e r
d e c r e a s i n g  a s  t h e  s i z e  o f  t h e  c a t i o n  i n c r e a s e s .
I n  t a b l e  3 . 6  a r e  l i s t e d  d a t a  f o r  t h e  f r e e  e n e r g y  o f  t r a n s f e r  o f
s i n g l e - i o n s  f r o m  w a t e r  t o  o t h e r  d i p o l a r  a p r o t i c  s o l v e n t s  DMF, M e2S O , P C , AN
o
a s  w e l l  a s  M eN 02 , e n a b l i n g  c o m p a r i s o n  o f  AGt  d a t a  o f  t h e s e  i o n s  f r o m  w a t e r
t o  t h e  v a r i o u s  s o l v e n t s .  I n  t e r m s  o f  f r e e  e n e r g y , t a b l e  3 . 6  s h o w s  t h a t
a m o n g  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  c o n s i d e r e d ,  n i t r o m e t h a n e  s o l v a t e s  a l l
m o n o v a l e n t  c a t i o n s  t h e  p o o r e s t .
T h e  f r e e  e n e r g y  f o r  a l k a l i  m e t a l  c a t i o n s  a s  o b s e r v e d  i s  m o r e  n e g a t i v e
°  *
i n  t h e  o r d e r ,  M e2SO? DMF A  AN? P C M e N 0 2 • T h e  AGt [P h 4A s + ] d a t a  f o r  
t r a n s f e r  t o  d i p o l a r  a p r o t i c  s o l v e n t s  f r o m  w a t e r ,  s u g g e s t  t h a t  t h i s  c a t i o n
A s  c a n  b e  s e e n  t h e r e  i s  g o o d  a g r e e m e n t  b e t w e e n  t h e s e  v a l u e s  a n d
o
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i s  s i m i l a r l y  s o l v a t e d  i n  P C , AN a n d  MeN02 a n d  t o  a  s l i g h t l y  g r e a t e r  e x t e n t
i n  Me2 SO a n d  DMF. S u c h  o b s e r v a t i o n s  h a v e  b e e n  p r e v i o u s l y  r e p o r t e d  b y
P a r k e r  a n d  c o w o r k e r s 197  f o r  t r a n s f e r  t o  DMF, Me2 S 0 ,  PC a n d  AN, w i t h  t h e
o
s u g g e s t i o n  t h a t  v a l u e s  o f  AGt [P h 4A s+ ] c o v e r  a  v e r y  s m a l l  r a n g e  i n  t r a n s f e r s
am ong  d i p o l a r  a p r o t i c  s o l v e n t s .
o
I n  t h e  c a s e  o f  a n i o n s ,  AGt  d a t a  { t a b l e  3 . 3 ) ,  sh o w s  t h a t  n i t r o m e t h a n e  i s  a
p o o r  s o l v a t o r  o f  a l l  a n i o n s  e x c e p t  P h 4 B“ , t h e  l a r g e s t  a n d  m o s t  p o l a r i s a b l e
o f  t h e s e  a n i o n s .  T h e  AG° v a l u e s  f o r  t h e  t r a n s f e r  o f  a n i o n s  f r o m  w a t e r  t o  
n i t r o m e t h a n e  a r e  l a r g e  a n d  p o s i t i v e  i n  t h e  o r d e r
C l "  ^  B r"A > 1“  C l 0 4 "A> P h 4 B"
T h e  s e t  o f  d a t a  f o r  s i n g l e - i o n  f r e e  e n e r g i e s  o f  t r a n s f e r  f r o m  w a t e r  t o  
n i t r o m e t h a n e  ( t a b l e  3 . 3 ) ,  d e r i v e d  i n  t h i s  w o rk  u s i n g  t h e  P h 4A sP h 4 B 
c o n v e n t i o n  w i l l  b e  u s e d  t h r o u g h o u t  t h i s  t h e s i s .
3 . 1 i 2  E n t h a l p i e s  o f  S o l u t i o n  o f  U n i - U n i v a l e n t  E l e c t r o l y t e s  i n  
N i t r o m e t h a n e
o
T h e  e n t h a l p i e s  o f  t r a n s f e r  AH .^ o f  1 :1  e l e c t r o l y t e s  f r o m  o n e  s o l v e n t  t o
o
a n o t h e r  r e q u i r e  s t a n d a r d  e n t h a l p i e s  o f  s o lu t io n ^ A H g d a t a  i n  t h e  tw o  
s o l v e n t s  s i n c e
°  , o o
AHt [M++X“ ] (A —* B ) = AHS [M++X~] (B ) -  AHS [M++X~] (A ) ( 3 . 2 0 )
U s u a l l y  e n t h a l p i e s  o f  s o l u t i o n  a r e  o b t a i n e d  f r o m  c a l o r i m e t r i c
m e a s u r e m e n ts  o f  t h e  h e a t s  o f  s o l u t i o n  f o r  s u f f i c i e n t l y  s o l u b l e  e l e c t r o l y t e s
o r  h e a t s  o f  p r e c i p i t a t i o n  f o r  s l i g h t l y  s o l u b l e  e l e c t r o l y t e s .  W h ere
s o l u b i l i t y  d a t a  e x i s t s  o v e r  a  w id e  t e m p e r a t u r e  r a n g e ,  t h e  s t a n d a r d  e n t h a l p y
o f  s o l u t i o n  m ay b e  o b t a i n e d  f r o m  t h e  r e l a t i o n s h i p  a t  c o n s t a n t  p r e s s u r e .
o ,
AH g
( 3 . 2 1 )
RT2
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As AHS i s  c o n s i d e r e d  c o n s t a n t  o v e r  a  m o d e r a t e  t e m p e r a t u r e  r a n g e  
e q u a t i o n  ( 3 . 2 1 )  l e a d s  t o
o
o ” Ah s
l o g  KSp _  _______  . 1_ + C • ( 3 . 2 2 )
1 ”  R l n 1 0 T
w h e r e  R = g a s  c o n s t a n t ,  T = t e m p e r a t u r e  i n  d e g r e e  K e l v i n  a n d  C / t h e
i n t e g r a t i o n  c o n s t a n t .
o
A p l o t  o f  l o g  KSDv e r s u s  1 /T  s h o u l d  g i v e  a  s t r a i g h t  l i n e ,  t h e  s l o p e  o f
r
o
w h ic h  may b e  u s e d  t o  o b t a i n  t h e  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n ,  AHS . T h i s
o
m e th o d  i s  h o w e v e r  s u b j e c t  t o  e r r o r s ,  a n d  r e s u l t s  o f  AHg a r e  g e n e r a l l y  l e s s
r e l i a b l e  t h a n  t h o s e  o b t a i n e d  f r o m  c a l o r i m e t r i c  m e a s u r e m e n t s .  I n  t h i s  w o rk ,
h e a t s  o f  s o l u t i o n  f o r  t h e  v a r i o u s  e l e c t r o l y t e s  w e r e  m e a s u r e d
c a l o r i m e t r i c a l l y .
T h e  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n  i s  n o r m a l l y  o b t a i n e d  b y
e x t r a p o l a t i o n  o f  h e a t  o f  s o l u t i o n  d a t a  o b t a i n e d  a t  f i n i t e  c o n c e n t r a t i o n s  t o
i n f i n i t e  d i l u t i o n .  An a c c o u n t  o f  t h e  m e th o d s  u s e d  t o  o b t a i n  s t a n d a r d
e n t h a l p i e s  o f  s o l u t i o n  h a s  b e e n  g i v e n  by  C r i s s 2 0 8 . R e s u l t s  o f  t h e
e n t h a l p i e s  o f  s o l u t i o n  f o r  a  n u m b e r o f  1 :1  e l e c t r o l y t e s  i n  n i t r o m e t h a n e
m e a s u r e d  c a l o r i m e t r i c a l l y , a r e  g i v e n  i n  t a b l e s  3 . 7  -  3 . 2 4 .  A l l  t h e  o b s e r v e d
e n t h a l p i e s  o f  s o l u t i o n  g i v e n  i n  t h e s e  t a b l e s  w e r e  c o r r e c t e d  f o r  t h e  h e a t  o f
a m p o u le  b r e a k  a n d  h e a t  o f  d i l u t i o n ;  AHd .
' AHc o r r  =  AH -  AHd  ( 3 . 2 4 )
w h e r e  AH i s  t h e  h e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  a m p o u le  b r e a k .
C o r r e c t i o n s  f o r  t h e  h e a t  o f  d i l u t i o n  w e r e  d o n e  u s i n g  t h e  e x t e n d e d
D e b y e - H u c k e l  e q u a t i o n  a n d  g i v e n  by
AHd  = 2 .3 0 3  x £ R T 2 ( 5 l o g f  /& T ) ( 3 . 2 5 )
3
w h e r e  R i s  t h e  g a s  c o n s t a n t  , T t h e  t e m p e r a t u r e  a n d * l o g f ± /6 T  i s  e v a l u a t e d
f r o m  t h e  m ean  i o n i c  a c t i v i t y  c o e f f i c i e n t s  a t  a n y  tw o  t e m p e r a t u r e s .  T h e  
c o m p u te r  p ro g ra m m e  u s e d  i n  t h i s  c a l c u l a t i o n  i s  a v a i l a b l e  o n  r e q u e s t .
o
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Table 3.7 Enthalpy of solution of sodium tetraphenylboron in nitromethane
at 298 K
N a P h 4B
a m o u n t
weighed/g
. a
c / m o l  dm J c
b
Q c o r r
c a l
c
AH
c a l  m o l " 1
a
&HCOr r
c a l  m ol
0 .0 9 5 4 5 5 . 5 8  x  1 0 -3 7 .4 7  x 1 0 - 2 - 1 .0 6 4 1 - 3 7 8 1 - 3 8 8 3
0 .0 7 4 3 8 4 .3 5  x  1 0 " 3 6 . 5 9  x 1 0 " 2 - 0 .8 1 3 1 - 3 7 4 2 - 3 8 3 5
0 .0 6 3 5 4 3 .7 1  x  1 0 " 3 6 .0 9  x 1 0 " 2 - 0 .6 9 7 8 - 3 7 5 9 - 3 8 4 6
0 .0 5 0 9 8 2 .9 8  x  10 ” 3 5 .4 6  x 1 0 " 2 - 0 .5 6 6 1 - 3 8 0 0 - 3 8 8 0
0 .0 2 5 3 7 1 .4 8  x  1 0 " 3 3 .8 5  x o
l CO - 0 .2 7 7 5 - 3 7 4 4 - 3 8 0 4
E x t r a p .
oII
1$ . o e  A h s  = - 3 7 3 6  ± 62 c a l  m o l " 1
°  1AHS = - 3 7 8 8  ± 29  c a l  m o l"  1
V a l u e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  = 5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  i n  MeN02 — + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  i n  n i t r o m e t h a n e
d  H e a t  o f  s o l u t i o n  o f  N aP h 4 B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  b y  e x t e n d e d  D e b y e - H i ic k e l  e q u a t i o n
u s i n g  v a l u e  f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,  Ka  = 5 .  I o n  s i z e  
o
p a r a m e t e r ,  a  =  5 .7
eAHs obtained at Jc = 0 from least square fit plot of Ah corrected for
ampoule break versus fc
1 Value obtained at cX= 1
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Table 3.8 Enthalpy of solution of tetra-n-methylammonium picrate in
nitromethane at 298 K
Me4N P i
a m o u n t
w e i g h e d / g
c / r a o l  dm"-3 Ic
b
Q c o r r
e a l
c
AH
e a l  m o l” 1
d
AHc o r r  
e a l  m o l'
0 .0 4 0 9 6 2 .7 1  x  1 0 " 3 5 .2 1  x 1 0 " 2  0 .4 3 6 1 3 2 1 8 3 1 5 0
0 .0 2 0 4 8 1 .3 6  x  1 0 " 3 3 . 6 8  x 1 0 “ 2 0 .2 3 6 0 3 4 8 3 3 4 2 6
0 .0 1 6 7 9 1 .1 1  x  1 0 “ 3 3 . 3 4  x 1 0 “ 2 0 .1 9 5 6 3 5 2 2 3 4 7 0
0 .0 1 0 0 5 6 . 6 5  x  1 0 “ 4 2 . 5 8  x 1 0 ~ 2 0 .1 0 3 6 3 1 1 5 3 0 7 3
0 .0 0 7 1 9 4 . 7 6  x  1 0 " 4 2 . 1 8  x 1 0 ” 2 0 .0 8 0 1 3 3 6 6 3 3 3 0
E x t r a p . I! o
o e
AHs  =  3 3 6 5  ±  302  
o f
AHS =  3183  ±  19 4
e a l  m o l- 1  
e a l  m o l " 1
V a l u e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  i n  MeN02 =  + 0 .0 1 4 4 7  e a l
c  H e a t  o f  s o l u t i o n  o f  Me4N P i  i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d  H e a t  o f  s o l u t i o n  o f  Me4N P i   ^ i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  a n d  h e a t
o f  d i l u t i o n  a s  c a l c u l a t e d  b y  e x t e n d e d  D e b y e - H iic k e l  e q u a t i o n  u s i n g  v a l u e s
o
f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,  Ka  =  1 0 . I o n  s i z e  p a r a m e t e r ,  a  =  6 . 3  
o
e  AH S o b t a i n e d  a t  Jc" =  0 f r o m  l e a s t  s q u a r e  f i t  p l o t  o f  A h  c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  J c ” 
f  V a l u e  o b t a i n e d  a t  4:50 =  1
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Table 3.9 Enthalpy of solution of tetra-n-ethylammonium picrate in
nitromethane at 298 K
E t 4N P i
a m o u n t
w e i g h e d / g
c / m o l  dm "3 Fc 2 c o r r
c a l
A h A hc o r r
c a l  m o l " 1 c a l  m o l" 1
0 .0 5 0 5 7 2 .7 5 X 1 0 " 3 5 . 2 4 X
CM1o
0 .8 7 0 7 6 3 4 2 6 2 6 6
0 .0 3 3 7 6 1 .8 3 X 1 0 " 3 4 . 2 8 X 1 0 " 2 0 .5 8 2 2 6 3 5 3 6 2 8 9
0 .0 2 3 8 9 1 .3 0 X 1 0 " 3 3 .6 0 X 1 0 " 2 0 .4 1 1 4 6 3 4 4 6 2 8 8
0 .0 1 6 2 4 8 .8 2 X 1 0 " 4 2 . 9 7 X 1 0 " 2 0 .2 8 0 3 6 3 5 9 6 3 1 1
0 .0 1 3 1 3 7 .1 3 X 1 0 " 4 2 . 6 7 X 1 0 " 2 0 .2 2 4 3 6 2 9 2 6 2 5 0
0 .0 1 2 3 2 6 . 6 9 X 1 0 " 4 2 . 5 9 X 10~ 2 0 .2 1 2 3 6 3 4 8 6 3 0 7
E x t r a p . 0
o e  
4 h s  = 6 3 1 5  ±  41 c a l  m o l " 1
A H g =  6 2 9 8  ± 25 c a l  m o l " 1 
V a l u e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  i n  MeN02 =  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  E t 4N P i , i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d  H e a t  o f  s o l u t i o n  o f  E t 4N P i i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  b y  e x t e n d e d  D e b y e - H u c k e l  e q u a t i o n
%
u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,  Ka  -  1 . I o n  s i z e  
o
p a r a m e t e r ,  a  =  6 . 5  
o________________ __
e  A HS o b t a i n e d  a t  l c  =  0 f r o m  l e a s t  s q u a r e  f i t  p l o t  o f  A h  c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  JIT 
f  V a l u e  o b t a i n e d  a t  e>c =  1
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Table 3.10 Heat of solution of tetramethylammonium iodide in nitromethane
at 298 K
Me4 N I
am o u n t
w e i g h e d / g
c / m o l  dm- -3 Q c o r r
c a l
Ahco r r
c a l  m o l" 1 c a l  m o l" 1
0 .0 0 6 7 6 6 .7 3 X 1 0 "4 2 . 5 9 X 10-2 0 .1 7 6 0 5 2 3 4 5 1 9 0
0 .0 0 6 5 4 6 .5 1 X 1 0 "4 2 . 5 5 X 1 0 "2 0 .1 6 8 9 5 1 9 2 5 1 4 8
0 .0 0 6 2 8 6 . 2 5 X 10~4 2 .5 0 X 1 0"2 0 .1 6 0 6 5 1 3 9 5 0 9 6
0 .0 0 4 8 0 4 . 7 8 X 1 0 "4 2 . 1 9 X 10~2 0 .1 2 3 3 5 1 6 2 5 1 2 5
0 .0 0 2 9 6 2 . 9 5 X 1 0 - 4 1 .7 2 X 1 0"2 0 .0 7 5 8 5 1 4 9 5 1 1 9
E x t r a p ,  f c  =  0 A h s  =  5 0 4 3  ± 1 1 9  c a l  m o l" 1
of  1
+H S = 5 0 4 9  ±  33 c a l  m o l" 1
V a lu e  u s e d  ( e ) # s e e  t e x t
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l 
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a n p o u le s  i n  M£N02 =  + 0 .0 1 4 4 7  c a l  
c  H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d  H e a t  o f  s o l u t i o n  o f  Me4N I i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H iic k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,
o
Ka  =  1 .  I o n  s i z e  p a r a m e t e r ,  a  =  3 . 5  
o
e  ^ H s  o b t a i n e d  a t  f c  =  0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  AH c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  f c  
f  V a lu e  o b t a i n e d  a t  ^  =  1
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Table 3.11 Heat of solution of tetraethylammonium iodide in nitromethane at
298 K
E t 4 NI
am ou n t
w e i g h e d / g
c /m o l  dm'- 3 f c Q c o r r
e a l
Ah Ahc o r r
e a l  m o l-1  e a l  m o l" 1
0 .0 8 2 0 8 6 .3 8 X 10- 3 7 . 9 9 X 1 0 "2 1 .4 8 9 9 4 6 6 8 4 551
0 .0 5 5 7 1 4 .3 3 X 1 0 " 3 6 . 5 8 X 1 0 "2 1 .0 0 7 8 4 6 5 2 4 5 5 2
0 .0 4 5 3 0 3 .5 2 X 1 0 " 3 5 .9 4 X 1 0 "2 0 .8 1 1 6 4 6 0 7 4 5 1 6
0 .0 3 8 4 0 2 . 9 9 X 1 0 "3 5 .4 7 X 1 0 " 2 0 .6 9 3 0 4 6 4 1 4 5 5 6
0 .0 2 5 1 0 1 .9 5 X 1 0 "3 4 . 4 2 X 1 0 " 2 0 .4 4 2 8 4 5 3 6 4 4 6 5
E x t r a p . \Tc =  0
o e
Ahs = 4 4 1 8  ± 75 e a l  m o l-1
o f  
Ahs - 4 4 5 3  ± 3 2 e a l  m o l" 1
V a lu e u s e d  ( e ) , s e e  t e x t
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 -  + 0 .0 1 4 4 7  e a l  
c  H e a t  o f  s o l u t i o n  o f  E t 4 N I i n  MPN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
d H e a t  o f  s o l u t i o n  o f  E t 4 N I i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  by e x t e n d e d  D e b y e - H iic k e l  e q u a t io n  
u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,  Ka  =  2 .  I o n  s i z e
o
p a r a m e t e r ,  a  =  2
e AHS obtained at >Tc = 0 from least square fit plot of AH corrected for
ampoule break versus J~c"
f Value obtained at = 1
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Table 3.12 Heat of solution of tetrapropylammonium iodide in nitromethane
at 298 K
P r 4 N I
. a b c <
am ou n t c /m o l  dm" -3 Q c o r r A h AHco r r
w e i g h e d / g
c a l c a l  m o l" 1 c a l  mo!
0 .1 0 1 1 6 6 . 4 6  x  1 0 “ 3 8 . 0 4  x  1 0 " 2 1 .2 9 6 1 4 0 1 4 3 8 9 7
0 .0 6 6 1 7 4 . 2 3  x  1 0 " 3 6 . 5 0  x  1 0 ~2 0 .8 3 2 1 3 9 4 0 3 8 4 1
0 .0 5 1 5 7 3 . 2 9  x  1 0 " 3 5 . 7 4  x  1 0 " 2 0 .6 5 5 2 3981 3 8 9 2
0 .0 4 5 9 8 2 . 9 4  x  1 0 " 3 5 .4 2  x  1 0 " 2 0 .5 6 3 3 3 8 3 8 3 7 5 4
0 .0 3 7 0 5 2 .3 7  x  1 0 " 3 4 . 8 6  x  1 0 " 2 0 .4 4 5 3 3 7 6 5 3 6 8 9
E x t r a p .
.—  o e  
f c  = 0 Ahs = 3 4 8 7  ±  174 c a l  m o l" 1
° fAHS = 3 6 1 3  ± 71 c a l  m o l" 1 
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 =  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  P r 4N I i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  P r 4N I i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  an d  h e a t
o f  d i l u t i o n  a s  c a l c u l a t e d  b y  t h e  e x t e n d e d  D e b y e -H u c k e l  e q u a t io n  u s i n g
v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,  Ka  = 1 . I o n  s i z e  p a r a m e t e r ,  
o
a  =  4 .1  
oe AHS obtained at <Tc = 0 from least square fit plot of Ah corrected for
ampoule break versus ffc'
f Value obtained at <=<• = 1
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Table 3.13 Enthalpy of solution of tetrabutylammonium iodide in
nitromethane at 298 K
Bu 4N I
am ou n t
w e i g h e d / g
c /m o l  dm J
b
Q c o r r
c a l
c
AH
c a l  m o l" 1
d
A HCo r r  
c a l  m ol'
0 .0 8 7 7 0 4 . 7 5  x  1 0 " 3 6 . 8 9  x 10"2 1 .7 5 8 9 7 4 0 8 7 3 0 7
0 .0 5 3 9 6 2 .9 2  x  1 0 ” 3 5 .4 1  x 1 0 " 2 1 .0 7 8 0 7 3 8 0 7 2 9 7
0 .0 4 6 0 1 2 . 4 9  x  1 0 " 3 4 . 9 9  x 10-2 0 .9 1 6 4 7 3 5 7 7 2 7 9
0 .0 3 0 1 3 1 .6 3  x  1 0 " 3 4 . 0 4  x 1 0 "2 0 .6 0 5 6 7 4 2 5 7 3 6 0
E x t r a p ,  J~c = 0 A h s  = 7401  ±  97  c a l  m o l" 1
A H - =  7 3 5 7  ± 37  c a l  m o l" 1
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  50 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 — +0.01447 c a l
c  H e a t  o f  s o l u t i o n  o f  Bu4N I i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  Bu4N I i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  b y  e x t e n d e d  D e b y e -H iic k e l e q u a t i o n
u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n  c o n s t a n t ,  Ka  = 1 .  I o n  s i z e  
o
p a r a m e t e r ,  a  =  4 .5
°  . r—e  A H S o b t a i n e d  a t  \]c  «= 0 fro m  l e a s t  s q u a r e  f i t  p l o t  o f  AH c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  J"c~ 
f  V a lu e  o b t a i n e d  a t*> a  = 1
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E t 4NPh4 B
Table 3.14 Enthalpy of solution of tetra-n-ethylammonium tetraphenylborate
in nitromethane at 298 K
am o u n t
w e i g h e d / g
a
c /m o l  dm-3 r z
b
Q c o r r
e a l
c
AH
e a l  m o l” 1
d
A H c o r r  
e a l  mol"
0 .0 5 6 8 0 2 .6 7 X 1 0 " 3 5 .1 7 X 10“ 2 0 .9 1 4 0 6 8 4 5 6 7 6 7
0 .0 5 0 1 9 2 .3 6 X 10“ 3 4 . 8 6 X 1 0 "2 0 .8 1 1 6 6 8 7 8 6 8 0 4
0 .0 3 7 6 8 1 .7 7 X 10“ 3 4 .2 1 X 10” 2 0 .6 0 3 1 6 8 0 8 6 7 4 2
0 .0 3 0 3 6 1 .4 3 X 1 0 " 3 3 . 7 8 X 10“ 2 0 .4 9 7 9 6 9 7 5 6 9 1 5
0 .0 2 7 2 6 1 .2 8 X 10~3 3 . 5 8 X 1 0 " 2 0 .4 3 2 5 6 7 4 8 6 691
0 .0 2 0 0 9 9 . 4 5 X 1 0 "4 3 . 0 7 X 10~2 0 .3 2 4 5 6 8 6 9 6 8 1 9
E x t r a p . II o
o e  
AHS = 6 8 5 0  ±  199 e a l  m o l" 1
o f  
AHS = 6 8 2 2  ±  8 5 e a l  m o l" 1
V a lu e  u s e d  ( e ) ,  s e e  t e x t  
a V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 =  + 0 .0 1 4 4 7  e a l
c  H e a t  o f  s o l u t i o n  o f  E t 4NPh4B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  E t 4NPh4B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y
e x t e n d e d  D e b y e -H u c k e l e q u a t io n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n
o
c o n s t a n t ,  Ka  = 2 .  I o n  s i z e  p a r a m e t e r ,  a  =  5 . 2  
o __
e  AHS o b t a in e d  a t  J c  = 0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  A h  c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  J"c" 
f  V a lu e  o b t a in e d  a t ^  = 1
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Table 3.15 Enthalpy of solution of tetra-n-propylammonium tetraphenylborate
in nitromethane at 298 K
P r 4NPh4 B
am ou n t c /m o l  dm"'3 f c
b
Q c o r r
c
A h AHcor;
w e i g h e d / g c a l c a l  m o l"
c a l  m o l-1
0 .0 7 8 4 1 3 .1 0  x  1 0 " 3 5 . 5 7  x
CM1oT— 1 .1 3 7 6 7 3 3 0 7 2 4 7
0 .0 5 7 9 5 2 . 2 9  x  1 0 " 3 4 . 7 9  x 10” 2 0 .8 5 5 7 7 4 6 0 7 3 8 7
0 .0 4 0 2 7 1 .5 9  x  1 0 " 3 3 . 9 9  x 1 0 " 2 0 .5 9 5 8 7 4 7 5 7 4 1 2
0 .0 2 9 5 8 1 .1 7  x  1 0 " 3 3 . 4 2  x 1 0 " 2 0 .4 3 0 2 7 3 4 8  - 7 2 9 3
0 .0 1 9 1 0 7 .5 6  x  1 0 “ 4 2 . 7 5  x 1 0 " 2 0 .2 7 9 0 7 3 8 0 7 3 3 2
E x t r a p . Sl II o o e  AHS = 7 4 0 5  ± 145 c a l  m o l*"1
°  i
A h s  = 7 3 5 8  ± 7 1  c a l  m o l*"1 
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  eit£>ty a m p o u le s  i n  MeN02 -  + 0 .0 1 4 4 7  c a l
°  H e a t  o f  s o l u t i o n  o f  P r 4NPh4 B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d  H e a t  o f  s o l u t i o n  o f  P r 4NPh4 B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y
e x t e n d e d  D e b y e -H iic k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c a t i o n
o
c o n s t a n t ,  Ka  = 2 .  I o n  s i z e  p a r a m e t e r ,  a  *= 5 .1
°  r—e  AHS o b t a i n e d  a t  d c  =  0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  AH c o r r e c t e d  f o r  
h e a t  o f  a m p o u le  b r e a k  v e r s u s  J~c 
 ^ V a lu e  o b t a in e d  a t  ^  = 1
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Table 3.16 Enthalpy of solution of tetra-n-butylammonium tetraphenylborate
in nitromethane at 298 K
Bu4NPh4 B
am ou n t
w e i g h e d / g
a
c /m o l  dm” 3
b
Q c o r r
c a l
c
AH
c a l  m o l” 1
-AHc o r i  
c a l  me
0 .0 8 4 8 0 3 .0 2  x  10 “ 3 5 . 5 0 x  10“ 2 1 .4 7 9 0 9 7 8 9 9 7 0 6
0 .0 5 4 9 4 1 .9 6  x  1 0 ” 3 4 . 4 3 x  10” 2 0 .9 5 0 0 9 7 0 5 9 6 3 6
0 .0 2 7 6 3 9 .8 5  x  10 ” 4 3 . 1 4
CN1OX 0 .4 6 9 2 9 5 3 0 9 4 7 9
0 .0 1 6 3 8 5 .8 4  x  1 0 ” 4 2 . 4 2 x  10“ 2 0 .2 8 4 2 9 7 3 7 9 6 9 7
E x t r a p . II 0
o e
A h s  -  
A h °  -
9 5 4 0  ± 2 0 7  
9 5 8 4  ±  125
c a l  m o l” 1 
c a l  m o l” 1
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 =  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  Bu4NPh4 B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  Bu4NPh4B i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y
e x t e n d e d  D e b y e -H iic k e l e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n
o
c o n s t a n t ,  Ka «  1 .  I o n  s i z e  p a r a m e t e r ,  a  =  4 . 8 5  
e  Ahs  o b t a in e d  a t  \TcT = 0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  Ah c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  J c  
f  V a lu e  o b t a in e d  a t  -  1
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Table 3.17 Enthalpy of solution of tetraphenylarsonium iodide in
nitromethane at 298 K
P h4A sI
am ou n t  
w e i g h e d / g  
e a l  m o l-1
c /m o l
_ . a  
dm 3 r z
b
Q c o r r
c
A h
c a l
d
^ Hc o r r  
c a l  m o l" 1
0 .1 0 2 9 7 4 . 0 4 X 1 0 "3 6 . 3 5 X 10-2 0 .9 4 4 4 4 6 8 0 4 6 0 5
0 .0 5 6 4 4 2.21 X 1 0 " 3 4 . 7 0 X 10~2 0 .5 1 9 6 4 6 9 7 4 6 2 3
0 .0 5 2 5 0 2 .0 6 X 1 0 " 3 4 . 5 4 X 1 0 " 2 0 .4 7 2 7 4 5 9 5 4 5 2 3
0 .0 3 9 6 5 1 .5 5 X 1 0 " 3 3 . 9 4 X 1 0 "2 0 .3 5 7 6 4 6 0 2 4 5 3 9
0 .0 2 7 8 9 1 .0 9 X 10- 3 3 .3 1 X 1 0 " 2 0 .2 5 3 6 4 6 3 9 4 5 8 5
E x t r a p .  'Tc ~  0 A h s  = 4 6 2 8  ± 1 2 2  e a l  m o l” 1
AH c = 4 5 4 7  ±  4 8  e a l  m o l" 1 0
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  = 5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  MeN02 -  + 0 .0 1 4 4 7  e a l
c  H e a t  o f  s o l u t i o n  o f  P h 4 A s I  i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  P h 4 A sI  i n  MeN02 c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y
e x t e n d e d  D e b y e - H iic k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n
o
c o n s t a n t ,  Ka  = 1 .  I o n  s i z e  p a r a m e t e r ,  a  =  4 . 3  
e  A h s  o b t a i n e d  a t  ’T c = 0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  A H c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  ifcT 
f  V a lu e  o b t a i n e d  a t  =  1
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Table 3.18 Enthalpy of solution of tetraphenylphosphonium bromide in
nitromethane at 298 K
P h 4PBr
am oun t
w e i g h e d / g
c /m o l  dm- -3 >Fc~ Q c o r r
c a l
A h A hc o r r
c a l  m o l” 1 c a l  m o l-1
0 .1 3 0 5 8 6 . 2 3 X o I u> 7 . 8 9 X 1 0 - 2 0 .6 0 3 8 0 1939 1825
0 .1 0 1 2 6 4 .8 3 X 10” 3 6 . 9 5 X 1 0 " 2 0 .4 7 0 3 5 1 9 4 8 1 8 4 5
0 .0 9 1 5 0 4 . 3 6 X 1 0 " 3 6 .6 1 X 1 0 " 2 0 .4 2 2 4 6 2002 1 9 0 4
0 .0 8 0 8 2 3 . 8 6 X 1 0 "3 6 .21 X 1 0 " 2 0 .3 6 9 4 3 1917 1 8 2 3
0 .0 5 1 2 0 2 . 4 4 X 1 0 " 3 4 . 9 4 X 1 0 "2 0 .2 4 1 7 3 1980 1 903
E x t r a p
I—' °  «
.  n J c  =  0 AH0 =  2 0 2 5  ± 112 c a l  m o l” 1
o -
A a_  = 1951 ±  3 8  c a l  m o l" 1
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  MeN02 -  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  h e a t  o f  b r e a k in g  a m p o u le
d H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  h e a t  o f  b r e a k in g  a m p o u le  an d  h e a t  o f
d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H u c k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,
o
Ka  =  1 .  I o n  s i z e  p a r a m e t e r ,  a  = 4 . 4  
oe A hs obtained at jc = 0 from least square fit plot of Ah corrected for
heat of ampoule break versus \J c
f Value obtained at oC~ 1
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Table 3.19 Enthalpy of solution of tetra-n-ethylammonium bromide in
nitromethane at 298 K
d
AHCOrr
c a l  m o l-1
2 3 2 3
2402.
2441:
2 3 8 8
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  MeN02 -  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  E t 4 NBr i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  E t 4 NBr i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  a n d  h e a t
o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H iic k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,
o
Ka = 1 7  I o n  s i z e  p a r a m e t e r ,  a  =  3 . 3
o------------------------ -----
e  AHS o b t a i n e d  a t  c  =  0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  AH c o r r e c t e d  f o r  
h e a t  o f  a m p o u le  b r e a k  v e r s u s  \Tc" 
f  V a lu e  o b t a i n e d  a t  o C  -  1
E t 4 N B r
am ou n t
w e i g h e d / g
i
c / m o l  dm” 3 Q c o r r
c a l
A h
c a l  m o l'
0 .0 6 2 1 4 5 .9 1 X 1 0 "3 7 . 6 9 X 10-2 0 .7 2 0 8 2 4 3 8
0 .0 4 3 1 1 4 .1 0 X 10” 3 6 .4 1 X 10” 2 0 .5 1 3 0 2 5 0 1
0 .0 3 8 5 9 3 .6 7 X 10“ 3 6 . 0 6 X 10” 2 0 .4 6 5 4 2 5 3 5
0 .0 3 3 1 1 3 .1 5 X 1 0 " 3 5 .6 1 X 10” 2 0 .3 9 0 1 2 4 7 6
,—  o ®
E x t r a p .  ■) c  =  0 A hs  =  2 6 7 8  ± 1 6 0  c a l  m o l” 1
°  fAHS =  2 5 8 7  ± 3 8  c a l  m o l” 1 
V a lu e  u s e d  ( e ) ,  s e e  t e x t
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Table 3.20 Enthalpy of solution of tetraethylammonium chloride in
nitromethane at 298 K
E t4N C l
amount
w e ig h e d /g
c /m o l dm"33 p r
b
Q corr
c a l
c
A h
c a l  m ol“ 1
d
A H c o r r
c a l  m ol” 1
0 .0 9 1 3 8 1 1 .0 3 x  10 " 3 1 .0 5 X 10_1 0 .7 3 1 6 1327 1 1 8 7
0 .0 7 9 7 7 9 .6 3 x  10” 3 9 .8 1 X 1 0 " 2 0 .6 4 9 3 1349 1 2 1 9
0 .0 4 8 8 3 5 .8 9 x  10-3 7 . 6 8 X 10” 2 0 .4 1 3 6 1 4 0 3 1 2 9 6
0 .0 2 6 7 2 3 .2 2 x  10- 3 5 . 6 8 X 1 0 " 2 0 .2 3 6 6 1 4 6 7 1 3 8 2
 . o
E x t r a p .  \Jc =  0 A h ,, -  1 6 2 7  ±  7 c a l  m o l-1
A h s  =  1471 ±  18 c a l  m o l 
V a lu e  u s e d  ( e ) ,  s e e  t e x t
-1
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  = 5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  MeN02 =  + 0 .0 1 4 4 7  c a l f
c  H e a t  o f  s o l u t i o n  o f  E t 4N C l i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d  H e a t  o f  s o l u t i o n  o f  E t 4 N C l i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  a n d  h e a t
o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H u c k e l  e q u a t io n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,
o
Ka  =  1 .  I o n  s i z e  p a r a m e t e r ,  a  =  5 . 0
O j——
e  Ahs o b t a i n e d  a t  J c  = 0 f r o m  l e a s t  s q u a r e  f i t  p l o t  o f  Ah c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  f c ” 
f  V a lu e  o b t a i n e d  a t  oC  =  1
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Table 3.21 Enthalpy of solution of tetraphenylarsonium perchlorate in
nitromethane at 298 K.
P h 4A s C l0 4
am ou n t
w e i g h e d / g
c /m o l  dm"'3
b
Q c o rr
c a l
c
AH
c a l  m o l" 1
d
AHcorr
c a l  m o l" 1
0 .0 5 1 7 7 2 .1 5  x  1 0 " 3 4 . 6 3 x  1 0 ~2 0 .7 3 1 7 6 8 2 4 6751
0 .0 4 4 2 1 1 .8 3  x  1 0 " 3 4 . 2 8 x  1 0 " 2 0 .6 3 9 3 6 9 8 2 6 9 1 3
0 .0 4 1 6 0 1 .7 2  x  1 0 " 3 4 . 1 5 x  10 " 2 0 .5 9 7 6 6 9 3 6 6 8 6 9
0 .0 2 2 3 5 9 .2 6  x  1 0 " 4 3 . 0 4 x  1 0 " 2 0 .3 1 5 3 6 8 1 2 6 7 6 1
0 .0 0 9 8 5 » o 00 X —A o 1 2 .0 2 x  10 " 2 0 .1 3 8 6 6 7 9 5 6 7 6 5
E x t r a p . / T -  o
V a lu e
a °  SAHS =  6701  ± 135  
o  f
AHS = 6 7 5 8  ± 8 0  
u s e d  ( e ) ,  s e e  t e x t
c a l  m o l" 1 
c a l  m o l" 1
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  MeN02 -  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  P h 4A s C l0 4 i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  P h 4A s C l0 4 i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  an d
h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H u c k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,
o
Ka  = 1 .  I o n  s i z e  p a r a m e t e r ,  a  =  4 . 2  
o
e Ahs obtained at Jc” = 0 from least square fit plot of Ah corrected for
ampoule break versus J~c~
f Value obtained atc6 =  1
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Table 3.22 Enthalpy of solution of tetra-n-ethylammonium perchlorate in
nitromethane at 298 K
E t 4N C l0 4
am ou n t  
w e i g h e d / g  
c a l  m o l” 1
■*ac / m o l  dm” J J V
b
Q c o rr
c
AH
c a l
A H COr i  
c a l  m o l” 1
0 .0 6 7 9 8 5 .9 2  x  1 0 - 3 7 . 6 9 X 10” 2 0 .7 5 5 3 2 5 5 2 2 4 4 1
0 .0 5 3 7 3 4 . 6 8  x  1 0 “ 3 6 . 8 4 X 10” 2 0 .5 9 3 1 2 5 3 6 2 4 3 4
0 .0 4 6 3 6 4 . 0 4  x  1 0 “ 3 6 .3 5 X 10” 2 0 .5 1 6 7 2 5 6 0 2 4 6 5
0 .0 2 7 6 1 2 . 4 0  x  1 0 ” 3 4 . 9 0 X 1 0 " 2 0 .3 0 0 7 2 5 0 2 2 4 2 5
0 .0 2 5 8 6 2 . 2 5  x  1 0 “ 3 4 . 7 5 X 10~2 0 .2 8 8 0 2 5 5 9 2 4 8 4
E x t r a p . S
i
II o A °  SA hs = 2 5 0 3  ±  65 c a l  m o l" 1
» °  1Ahs =  2 4 6 8  ± 2 7  cal mol”1
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l 
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  MeN02 =  + 0 .0 1 4 4 7  c a l  
c  H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  a m p o u le  b r e a k  an d  h e a t  o f  d i l u t i o n  o f
e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d  D e b y e -H u c k e l
e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,  Ka =  2 .  I o n  
o
s i z e  p a r a m e t e r ,  a  =  4 . 3  
e  A h s  o b t a i n e d  a t  =  0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  A h c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  J c  
f  V a lu e  o b t a i n e d  a t  1
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Table 3.23 Enthalpy of solution of tetra-n-propylammonium perchlorate in
nitromethane at 298 K
P r 4N C l0 4
am ou n t
w e i g h e d / g
c /m o l  dm 3 r r
b
Q c o r r
c a l
c
A h
c a l  m o l” 1
A H o o r r  
c a l  m ol"
0 .0 6 7 9 1 4 . 7 5  x  1 0 ” 3 6 . 8 9  x 1 0 " 2 1 .2 2 4 6 5 1 5 4 5 0 5 2
0 .0 5 7 3 5 4 .0 1  x  1 0 " 3 6 . 3 4  x 1 0 "2 1 .0 1 3 3 5 0 5 0 4 9 5 5
0 .0 4 6 9 8 3 . 2 9  x  1 0 ~3 5 .7 3  x 1 0 "2 0 .8 4 9 3 5 1 6 7 5 0 8 0
- 0 .0 2 5 7 5 1 .8 0  x  1 0 " 3 4 . 2 5  x 1 0 " 2 0 .4 4 3 7 4 9 2 4 4 8 5 7
0 .0 2 3 7 3 1 .6 6  x  1 0 " 3 4 . 0 7  x 10“ 2 0 .4 1 2 0 4 9 6 3 4 8 9 8
E x t r a p . = 0 AH° 4 6 5 8  ±  1 5 8 c a l  m o l” 1
A h s  =  4 7 8 7  ± 7 6  c a l  m o l" 1 
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 ”  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  P r 4N C l0 4 i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  P r 4N C l0 4 i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  an d
h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H iic k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,
o
Ka  = 1 .  I o n  s i z e  p a r a m e t e r ,  a  =  4 . 4
O T —
e A H s  o b t a i n e d  a t  v) c  =  0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  A** c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  | c _  
f  V a lu e  o b t a i n e d  a t  0 6 = 1
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Table 3.24 Enthalpy of solution of tetra-n-butylaxnmonium perchlorate in
nitromethane at 298 K
Bu4NC 104
am ou n t  
w e i g h e d / g
c / m o l  dm"-3 Q c o rr
c a l
Ah Ahc o r r
c a l  m o l" 1 c a l  m o l" 1
0 .0 6 8 6 7 4 . 0 2 X
ri10 6 . 3 4 X 10-2 0 .5 6 5 8 2 8 1 5 2 7 4 0
0 .0 3 9 4 1 2 .3 1 X 1 0 " 3 4 .8 0 X 10-2 0 .3 3 2 5 2 8 8 5 2 8 0 7
0 .0 3 2 7 6 1 .9 2 X 1 0 "3 4 . 3 8 X 1 0 " 2 0 .2 6 0 1 2 7 1 4 2 6 4 2
0 .0 2 2 1 8 1 .3 0 X 10“ 3 3 .6 0 X 1 0 " 2 0 .1 8 8 2 2 9 0 2 2 8 4 1
0 .0 1 6 1 2 9 . 4 4 X 1 0 "4 3 .0 7 X 10 " 2 0 .1 3 1 2 2 7 8 3 2 7 3 0
E x t r a p .  JTT= 0 AHS = 2 8 1 8  ±  161 c a l  m o l" 1
Ah , = 2 7 7 2  ±  88 c a l  m o l" 1
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  MeN02 -  + 0 .0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  BU4NCIO4 i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k
d H e a t  o f  s o l u t i o n  o f  Bu4NC1C>4 i n  MeN02 c o r r e c t e d  f o r  a m p o u le  b r e a k  an d
h e a t  o f  d i l u t i o n  o f  e l e c t r o l y t e  i n  n i t r o m e t h a n e  a s  c a l c u l a t e d  b y  e x t e n d e d
D e b y e - H iic k e l  e q u a t i o n  u s i n g  v a l u e s  f o r  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,
o
Ka  — 1 . I o n  s i z e  p a r a m e t e r ,  a  =  4 . 3  
o
e AHS o b t a i n e d  a t  f c  m 0 fr o m  l e a s t  s q u a r e  f i t  p l o t  o f  AH c o r r e c t e d  f o r  
a m p o u le  b r e a k  v e r s u s  \Tc”
^ V a lu e  o b t a i n e d  a t ^  = 1
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t h e  AH v a l u e s  v e r s u s  Jc t o  Jc = 0; w h e r e  c  i s  t h e  f i n a l  m o la r
T T T
c o n c e n t r a t i o n  o f  e l e c t r o l y t e  i n  s o l u t i o n .
A l s o ,  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  w e r e  o b t a i n e d  b y
e x t r a p o l a t i o n  fro m  p l o t s  o f  AHc o r r  v a l u e s  v e r s u s  <*•; t h e  d e g r e e  o f
d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  s o l u t i o n ,  t o  o c =  1 .
T h e u s e  o f  t h e  D e b y e - H iic k e l  e q u a t io n  i n  e x t r a p o l a t i n g  h e a t  o f  s o l u t i o n
d a t a  i s  t h e o r e t i c a l .  F u r th e r m o r e ,  t h e  e v a l u a t i o n  o f  D e b y e - H iic k e l  c o n s t a n t s
A a n d  B , r e q u i r e s  d a ta  f o r  t h e  d i e l e c t r i c  c o n s t a n t  £  o f  t h e  s o l v e n t  a t
d i f f e r e n t  t e m p e r a t u r e s .  I n  t h e  c a s e  o f  n i t r o m e t h a n e / v a l u e s  f o r  £  a r e  n o t
o
a l l  t h a t  w e l l  e s t a b l i s h e d .  H e n c e , i n  t h i s  w ork  AHg v a l u e s  o b t a i n e d  fr o m
e x t r a p o l a t i n g  AH ( a f t e r  c o r r e c t i o n  f o r  t h e  h e a t  o f  a m p o u le  b r e a k )  a n d  Jc
d a t a  w e r e  c h o s e n  f o r  d e r i v i n g  a  s e t  o f  s i n g l e - i o n  e n t h a l p i e s  o f  t r a n s f e r  i n  
n i t r o m e t h a n e .
A s a  r e s u l t  o f  t h e  l i m i t e d  s o l u b i l i t y  a n d  s lo w  d i s s o l u t i o n  r a t e s  o f  
v a r i o u s  e l e c t r o l y t e s  c o n t a i n i n g  a l k a l i - m e t a l  c a t i o n s  i n  n i t r o m e t h a n e ,  
e n t h a l p i e s  o f  s o l u t i o n  o f  t h e s e  e l e c t r o l y t e s  c o u ld  n o t  b e  m e a su r e d  
c a l o r i m e t r i c a l l y .
E l e c t r o l y t e s  s u c h  a s  N a l ,  K I , R b l a n d  C s l  a l t h o u g h ,  a r e  s u f f i c i e n t l y  
s o l u b l e  i n  n i t r o m e t h a n e  t o  e n a b l e  c a l o r i m e t r i o  m e a su r e m e n ts  o f  t h e  h e a t  o f  
s o l u t i o n ,  d i s s o l v e  a t  a  v e r y  s lo w  r a t e  i n  t h i s  s o l v e n t .  C o n s e q u e n t ly ,  o n ly  
t h e  e n t h a lp y  o f  s o l u t i o n  o f  o n e  com pound c o n t a i n i n g  so d iu m  c o u l d  b e  
m e a s u r e d  b y  t h e  c a l o r i m e t r i o  m eth o d ; t h a t  o f  N aPh4B . I n  t h e  c a s e  o f  L i C l 0 4 
w h ic h  i s  a p p r e c i a b l y  s o l u b l e  i n  n i t r o m e t h a n e ,  t h e  h e a t s  o f  s o l u t i o n  o b t a in e d  
c a l o r i m e t r i c a l l y  v a r i e d  c o n s i d e r a b l y , p a r t l y  d ue t o  t h e  e l e c t r o l y t e  n o t  
d i s s o l v i n g  i n s t a n t l y  d u r in g  an  e x p e r im e n t a l  r u n . D i f f i c u l t i e s  i n  o b t a i n i n g  
p u r e  s a m p le s  o f  so d iu m  t e t r a p h e n y l b o r a t e s  h a v e  b e e n  e x p r e s s e d  b y  P a r k e r  an d  
C o x 197 w i t h  v a l u e s  f o r  h e a t s  o f  s o l u t i o n  o f  t h i s  s a l t  i n  w a t e r  v a r y i n g  w i t h  
t h e  s t a t e  o f  p u r i t y  o f  t h e  s a l t .
The s ta n d a r d  e n th a lp ie s  o f s o lu t io n  w ere o b ta in e d  by e x t r a p o la t io n  o f
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T o  e n s u r e  t h a t  a p u r e  s a m p le  o f  so d iu m  t e t r a p h e n y l b o r a t e  w a s u s e d  f o r  
h e a t  o f  s o l u t i o n  m e a su r e m e n ts  i n  n i t r o m e t h a n e ,  t h e  h e a t  o f  s o l u t i o n  o f  t h i s  
s a l t  w a s f i r s t  d e t e r m in e d  i n  w a t e r .  A v a l u e  o f  4 . 7 8  K c a l  m o l" 1 f o r  
e n t h a l p y  o f  s o l u t i o n  o f  N aPh4 B i n  w a t e r  w as o b t a in e d  i n  g o o d  a g r e e m e n t  w i t h  
p r e v i o u s l y  r e p o r t e d  v a l u e  i n  t h e  l i t e r a t u r e ^ 7 .
H e a t  o f  s o l u t i o n  o f  P h 4A sP h 4 B c o u ld  n o t  b e m e a su r e d  c a l o r i m e t r i c a l l y  , 
a s  a  r e s u l t  o f  t h e  lo w  s o l u b i l i t y  o f  t h i s  s a l t  i n  n i t r o m e t h a n e .  No d a t a  on  
s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  f o r  e l e c t r o l y t e s  i n  n i t r o m e t h a n e  a t  25°c 
h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e , w i t h  t h e  e x c e p t i o n  o f  s t a n d a r d  
e n t h a lp y  o f  s o l u t i o n  f o r  A g B r ,o b t a i n e d  by C ox an d  P a r k e r 1 9 9 . H e n c e , t h e  
s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  f o r  t h e  s e r i e s  o f  e l e c t r o l y t e s  i n  
n i t r o m e t h a n e  o b t a i n e d  i n  t h i s  w ork  c a n n o t  b e  co m p a red  w i t h  l i t e r a t u r e  d a t a .
A sk ew  e t  a l 210 r e p o r t e d  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  f o r  a  n um ber  
o f  t e t r a - n - a lk y la m m o n iu m  s a l t s  i n  n i t r o m e t h a n e  b u t  t h e  t e m p e r a t u r e  a t  w h ic h  
t h e s e  h e a t s  w e r e  m e a s u r e d  w a s  20°c.
I n  t e s t i n g  t h e  s e l f - c o n s i s t e n c y  o f  t h e  d a ta  o b t a i n e d  f o r  s t a n d a r d  
e n t h a l p i e s  o f  s o l u t i o n  i n  n i t r o m e t h a n e ,o n e  c a n  c a l c u l a t e  a  s e t  o f  h e a t s  o f  
t r a n s f e r  o f  e l e c t r o l y t e s  t h a t  c a n  b e  c h e c k e d  t o  s e e  w h e th e r  t h e y  a r e  
a d d i t i v e  i n  t h e  i o n i c  c o n t r i b u t i o n s 2 0 8 .
F o r  t r a n s f e r  f r o m  w a t e r  t o  n i t r o m e t h a n e ,  a  s o l v e n t  f o r  w h ic h  t h e  h e a t
o f  s o l u t i o n  o f  o n ly  a  l i m i t e d  num ber o f  1 :1  e l e c t r o l y t e s  w as o b t a i n e d ,  d a ta
on  t h e  e n t h a l p i e s  o f  s o l u t i o n  o f  t e t r a - n - a lk y la m m o n iu m  t e t r a p h e n y l b o r a t e s
o
i n  w a t e r  w e r e  r e q u i r e d  s o  a s  t o  c a l c u l a t e  t h e  c o r r e s p o n d in g  AHt  v a l u e s .  A s 
h e a t  o f  s o l u t i o n  d a t a  o f  t e t r a - n - a lk y la m m o n iu m  t e t r a p h e n y l b o r a t e s  i n  w a te r ,  
a n d  i n d e e d  o r g a n i c  s o l v e n t s  i s  l a c k i n g  i n  t h e  l i t e r a t u r e , e n t h a l p i e s  o f  
s o l u t i o n  o f  Me4NPh4B , E t 4NPh4B , P r 4NPh4 B an d  Bu4NPh4 B i n  w a t e r  w e r e  
d e t e r m in e d  i n  t h i s  w o r k .
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3 . 1 . 3  E n t h a l p i e s  o f  S o l u t i o n  o f  T e tr a -n -a lk y la m m o n iu m  T e t r a p h e n y lb o r a t e s  
i n  W ater
T e tr a - n -a lk y la m m o n iu m  t e t r a p h e n y l b o r a t e s  a r e  o n ly  s l i g h t l y  s o l u b l e  i n  w a t e r  
a n d  t h e i r  h e a t s  o f  s o l u t i o n  c a n n o t  b e  m e a su r e d  b y t h e  d i r e c t  c a l o r i m e t r i c  
m e th o d .
A lt h o u g h  B r i g h t  a n d  J e z o r e k 211 h a v e  m e a su r e d  t h e  h e a t  o f  p r e c i p i t a t i o n  
o f  BU4NPI14B i n  w a t e r  by t i t r a t i o n  c a l o r i m e t r y  fr o m  w h ic h  t h e  h e a t  o f  
s o l u t i o n  o f  t h i s  com p oun d  (sa m e  m a g n itu d e  b u t  o p p o s i t e  s i g n )  c a n  b e  
o b t a i n e d ,  t h e r e  a r e  n o  o t h e r  e n t h a l p i e s  o f  s o l u t i o n  f o r  t h e s e  com p oun ds  
r e p o r t e d  i n  t h e  l i t e r a t u r e .
o
T h e  e n t h a l p i e s  f o r  t r a n s f e r  AH^ o f  t h e  d i s s o c i a t e d  e l e c t r o l y t e s  
(R4N+ + P I^ b ” ) fr o m  w a t e r  t o  a c e t o n i t r i l e ,  p r o p y le n e  c a r b o n a t e  an d  
d im e t h y l s u l p h o x i d e  a r e  k now n 1 7 6 ' 206 an d  w hen  c o m b in e d  w i t h  e n t h a l p i e s  o f  
s o l u t i o n  o f  t h e s e  e l e c t r o l y t e s  i n  t h e  c o r r e s p o n d in g  s o l v e n t s  c a n  y i e l d  
e n t h a l p i e s  o f  s o l u t i o n  i n  w a t e r .  T h e t e t r a - n - a lk y la m m o n iu m  
t e t r a p h e n y l b o r a t e s  a r e  a p p r e c i a b l y  s o l u b l e  i n  PC, AN a n d  Me2 SO a n d  sh o w e d  a  
f a s t  d i s s o l u t i o n  r a t e  i n  t h e s e  s o l v e n t s .  T h u s , e n t h a l p i e s  o f  s o l u t i o n  o f  
t h e s e  e l e c t r o l y t e s  i n  t h e s e  s o l v e n t s  c o u ld  b e  m e a su r e d  c a l o r i m e t r i c a l l y .
R e s u l t s  f o r  e n t h a l p i e s  o f  s o l u t i o n  o f  Me4NPh4B a n d  E t 4NPh4B i n  AN, PC 
a n d  Me2 SO a r e  g iv e n  i n  t a b l e s  3 . 2 5 ,  3 . 2 6 ,  3 . 2 9 ,  3 . 3 0 ,  3 . 3 3 ,  3 . 3 4 .
E n t h a l p i e s  o f  s o l u t i o n  o f  P ^ N P h ^ B  a n d  BU4NPI14B i n  AN a n d  PC a r e  g iv e n  i n  
t a b l e s  3 . 2 7 ,  3 . 2 8 ,  3 . 3 1 ,  3 . 3 2 .
T h e o b s e r v e d  e n t h a l p i e s  o f  s o l u t i o n  w e r e  c o r r e c t e d  f o r  t h e  h e a t  o f  
b r e a k in g  em p ty  a m p o u le s ,  an d  e n t h a lp y  o f  d i l u t i o n  o f  t h e  d i s s o c i a t e d  
e l e c t r o l y t e  a s  c a l c u l a t e d  b y  t h e  e x t e n d e d  D e b y e - H u c k e l  e q u a t io n  i n  e a c h  
s o l v e n t ,  AN, PC a n d  Me2S 0 .  T he d e g r e e  o f  d i s s o c i a t i o n ,  o C ,  o f  t h e  
e l e c t r o l y t e  w as c a l c u l a t e d  fro m
cxl = c i / c T
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Table 3.25 Enthalpy of solution of tetra-n-methylammonium
tetraphenylborate in acetonitrile at 298 K
Me4NPh4 B
am ou n t
w e i g h e d / g
c /m o l  dm J
b
o c
c
2 c o r r
c a l
d
AH
c a l  m o l" 1
^ Hc o r i  
c a l  m<
0 .0 6 2 9 0 3 . 2 0  x  1 0 ” 3 0 .9 9 3 7 0 .9 5 8 5 5991 5 8 2 5
0 .0 5 3 0 3 2 .7 0  x  1 0 ” 3 0 .9 9 4 4 0 .8 0 1 1 5 9 3 9 5 7 8 3
0 .0 5 0 3 8 2 . 5 6  x  1 0 " 3 0 .9 9 4 5 0 .7 4 3 9 5 8 0 5 5 6 5 3
0 .0 2 9 5 9 1 .5 0  x  1 0 " 3 0 .9 9 6 7 0 .4 5 9 4 6 1 0 3 5 9 8 3
A v e r a g e
fo*-
v a l u e  AHS = 5 811  ±  24 c a l  m o l” 1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  -  5 0 . 0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  cx= c ^ /c ^  w h e r e
c  =  t o t a l  c o n c e n t r a t i o n  i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r
°
a s s o c i a t i o n  c o n s t a n t  u s e d  Ka  = 3 .  I o n  s i z e  p a r a m e t e r ,  a  = 5 . 2  
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  AN =  + 0 .0 3 0 3 8  c a l s  
d H e a t  o f  s o l u t i o n  o f  Me4NPh4 B i n  AN c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
e  H e a t  o f  s o l u t i o n  o f  Me4NPh4B i n  AN c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  by e x t e n d e d  D e b y e - H u c k e l  e q u a t io n  
f  o C c lo s e  t o  o n e ; a v e r a g e  o f  ( e )  v a l u e s  =  5811  c a l  m o l" 1
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Table 3.26 Enthalpy of solution of tetra-n-ethylammonium tetraphenylborate
in acetonitrile at 298 K.
E t 4NPh4 B
am ou n t
w e i g h e d / g
. a
c /m o l  dm 3
b
OC
c
Q c o rr
c a l
a
AH
c a l  m o l" 1
&HCOI 
c a l  me
0 .0 6 5 1 3 2 .9 0  x  1 0 " 3 0 .9 9 3 1 0 .9 8 1 5 6 7 6 9 6 6 2 0
0 .0 4 7 2 3 2 .1 0  x  1 0 " 3 0 .9 9 3 8 0 .7 1 1 0 6 7 6 2 6 6 2 3
0 .0 3 1 3 2 1 .4 0  x  1 0 " 3 0 .9 9 5 7 0 .4 6 8 6 6 7 2 0 6 6 0 4
0 .0 2 5 2 9 1 .1 3  x  10" 3 0 .9 9 6 4 0 .3 7 9 4 6 7 3 9 6 6 3 3
A v e r a g e
Qf
v a l u e  AHS =  6 6 2 0  ±  12 c a l  m o l" 1
a  V o lu m e s o l v e n t  c o n t a i n e d i n  r e a c t i o n v e s s e l  =  5 0 . 0 m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  t h e  f i n a l  s o l u t i o n ,  c*; =  c . j / c T
w h e r e  c^  == c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  =  t o t a l
c o n c e n t r a t i o n  i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n
o
c o n s t a n t  u s e d ,  Ka  = 4 .  I o n  s i z e  p a r a m e t e r ,  a  =  5 . 2
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  AN =  + 0 .0 3 0 3 8  c a l
d  H e a t  o f  s o l u t i o n  c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
e  H e a t  o f  s o l u t i o n  o f  E t4NPh4 B i n  AN c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  o b t a i n e d  by e x t e n d e d  D e b y e -H u c k e l  e q u a t io n  
f  cx  c l o s e  t o  o n e ,  a v e r a g e  ( e )  v a l u e s  =  6 6 2 0  c a l  m o l" 1
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Table 3.27 Enthalpy of solution of tetra-n-propylammonium tetraphenylborate
in acetonitrile at 298 K
P r 4NPh4 B
am ou n t
w e i g h e d / g
. a
c /m o l  dm J
b
c x
c
2 c o r r
c a l
d
AH
c a l  m o l” 1
AHCo: 
c a l  ]
0 .0 5 5 3 2 2 .1 9  x  1 0 “ 3 0 .9 9 3 6 0 .6 9 0 4 6 2 6 2 6 1 2 3
0 .0 4 5 2 0 1 .7 9  x  1 0 ~3 0 .9 9 4 7 0 .5 6 2 3 6 2 8 6 6 1 5 8
0 .0 2 6 0 9 1 .0 3  x  10 “ 3 0 .9 9 6 7 0 .3 2 6 4 6 3 2 0 6 2 2 0
0 .0 2 4 4 1 9 . 6 6  x  1 0 “ 4 0 .9 9 6 9 0 .3 0 3 7 6 2 8 6 6 1 8 9
A v e r a g e
o^
v a l u e  AHg = 6 1 7 2  ± 42 c a l  m o l” 1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  t h e  f i n a l  s o l u t i o n ,  o ^ -  c ^ / c ^  
w h e r e  = c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  c T = t o t a l  
c o n c e n t r a t i o n  i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n
o
c o n s t a n t  u s e d ,  Ka  =  4 .  I o n  s i z e  p a r a m e t e r ,  a  =  5 . 8
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  AN = + 0 .0 3 0 3 8  c a l
d H e a t  o f  s o l u t i o n  o f  P r 4NPh4 B i n  AN c o r r e c t e d  f o r  a m p o u le  b r e a k
e  H e a t  o f  s o l u t i o n  o f  P r 4NPh4 B i n  AN c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d ” b y  e x t e n d e d  D e b y e -H iic k e l  e q u a t i o n  
f  e n c l o s e  t o  o n e ,  a v e r a g e  ( e )  v a l u e s  =  6 1 7 2  c a l  m o l-1
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Table 3.28 Enthalpy of solution of tetra-n-butylammonium tetraphenylborate
in acetonitrile at 298 K
Bu4NPh4 B
am oun t
w e i g h e d / g
c /m o l  dm"-5
b
OG
c
Q c o r r
c a l
d
AH
c a l  m o l" 1
^ 8 CO!
c a l  n
0 .2 0 2 9 0 7 . 2 3  x  1 0 " 3 0 .9 9 7 2 2 .9 0 1 0 8 0 2 5 7 8 8 5
0 .0 5 6 6 1 2.0 2  x  1 0 "3 0 .9 9 8 5 0 .8 0 7 8 8 0 0 9 7 8 7 0
0 .0 3 1 0 5 1 .1 1  x  1 0” 3 0 .9 9 9 1 0 .4 4 9 8 8 1 3 0 8 0 2 6
0 .0 2 1 5 4 7 .6 8  x  1 0 " 4 0 .9 9 9 3 0 .3 2 0 9 8361 8 2 7 1
A v e r a g e
o f
v a l u e  AHS = 8 0 1 3  ±  186 c a l  m o l-1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  °< =  w b e r e
c^  =  c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  ct  =  t o t a l  c o n c e n t r a t i o n
i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t  u s e d ,
o
Ka  — 1 . i o n  s i z e  p a r a m e t e r ,  a  =  4 . 5 5  
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  AN =  + 0 .0 3 0 3 8  c a l  
d H e a t  o f  s o l u t i o n  o f  Bu4NPh4 B c o r r e c t e d  f o r  a m p o u le  b r e a k  i n  AN 
e  H e a t  o f  s o l u t i o n  o f  Bu4NPh4 B c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  a n d  h e a t  
o f  d i l u t i o n  i n  AN a s  c a l c u l a t e d  by e x t e n d e d  D e b y e -H u c k e l  e q u a t io n  
f  e n c l o s e  t o  o n e ,  a v e r a g e  ( e )  v a l u e s  -  8 0 1 3  c a l  m o l-1
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Table 3.29 Enthalpy of solution of tetra-n-methylammonium tetraphenylborate
in propylene carbonate at 298 K
Me4NPh4 B
a m o u n t
w e i g h e d / g
c /m o l  dm*"-3
. b
©c
c
Q c o r r
c a l
d
AH
c a l  m o l” 1
AHco: 
c a l  i
0 .0 4 3 9 3 2 . 2 4  x  10” 3 0 .9 9 4 0 0 .5 3 4 3 4 7 8 1 4 7 8 0
0 .0 3 5 8 3 1 .8 2  x  10” 3 0 .9 9 5 1 0 .4 5 2 2 4 9 6 2 4 961
0 .0 3 0 0 4 1 .5 3  x  1 0 " 3 0 .9 9 6 1 0 .3 8 2 7 5 0 0 9 5 0 0 8
0 .0 1 8 0 8 9 .2 0  x  10 “ 4 0 .9 9 7 5 0 .2 2 9 4 4 9 8 9 4 9 8 8
A v e r a g e
o f
v a l u e  AHS = 4 9 3 4  ±  1 0 4 c a l  m o l” 1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  o c  = c ^ /c ^  w h e r e
c ^  =  c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  c  =  t o t a l  c o n c e n t r a t i o n
Ti n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t  u s e d ,
o
Ka  =  3 .  I o n  s i z e  p a r a m e t e r ,  a  =  5 .1  
c  C o r r e c t i o n  f o r  b r e a k in g  em p ty  a m p o u le  i n  PC = - 0 .0 0 5 8 8  c a l  
d H e a t  o f  s o l u t i o n  o f  Me4NPh4B i n  PC c o r r e c t e d  f o r  h e a t  o f  b r e a k in g  em p ty  
a m p o u le
e  H e a t  o f  s o l u t i o n  o f  Me4NPh4 B i n  PC c o r r e c t e d  f o r  h e a t  o f  b r e a k in g  em p ty  
a m p o u le  an d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  b y e x t e n d e d  D e b y e - H u c k e l  
e q u a t i o n
f ©c close to one, average (e) values = 4934 cal mol”1
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Table 3.30 Enthalpy of solution of tetra-n-ethylammonium tetraphenylborate
in propylene carbonate at 298 K
E t 4NPh4 B
am o u n t
w e i g h e d / g
a
c /m o l  dm” 3
b
o C
c
2 c o r r
c a l
a
AH
c a l  m o l” 1
&HCO; 
c a l  i
0 .0 3 4 0 5 1 .5 2  x  1 0 ” 3 0 .9 9 4 7 0 .4 5 3 4 5 981 5 9 8 0
0 .0 2 2 8 0 1.02  x  10- 3 0 .9 9 6 0 0 .2 9 9 5 5901 59 0  0
0 .0 1 8 8 2 8 . 3 8  x  1 0 “ 4 0 .9 9 6 9 0 .2 3 9 7 5721 5 7 2 0
0 .0 0 8 6 8 3 .8 6  x  10“ 4 0 .9 9 8 5 0 .1121 5801 5 8 0 0
A v e r a g e
o f
v a l u e  AH S = 5 8 5 0  ±  11 4 c a l  m o l-1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  £*  = C i / ^ T  w h e r e
c^  =  c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  c T =  t o t a l  c o n c e n t r a t i o n  
i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,  Ka = 4 .
o
I o n  s i z e  p a r a m e t e r ,  a  =  5 . 2  
c  C o r r e c t i o n  f o r  b r e a k in g  em p ty  a m p o u le  i n  PC =  - 0 .0 0 5 8 8  c a l  
d H e a t  o f  s o l u t i o n  o f  E t4NPh4 B i n  PC c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
e  H e a t  o f  s o l u t i o n  o f  E t4NPh4 B i n  PC c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  by e x t e n d e d  D e b y e -H iic k e l  e q u a t i o n  
f  c k , c l o s e  t o  o n e ,  a v e r a g e  ( e )  v a l u e s  =  5 8 5 0  c a l  m o l-1
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Table 3.31 Enthalpy of solution of tetra-n-propylammonium tetraphenylborate
in propylene carbonate at 298 K
P r 4NPh4 B
a m o u n t
w e i g h e d / g
c /m o l  dm- '3
b c
Q c o r r
c a l
d
AH
c a l  m o l-1
AHco: 
c a l  j
0 .0 9 2 2 0 3 . 6 5  x  1 0 " 3 0 .9 8 9 0 1.0001 5 481 5 4 8 0
0 .0 5 7 7 2 2 . 2 9  x  1 0 " 3 0 .9 9 2 1 0 .6 2 9 7 5 5 1 2 5 5 1 1
0 .0 4 9 2 2 1 .9 5  x  1 0 " 3 0 .9 9 3 3 0 .5 3 3 9 5 4 8 0 5 4 7 9
0 .0 4 1 4 5 1 .6 4  x  1 0 " 3 0 .9 9 4 5 0 .4 5 3 0 5521 5 5 2 0
A v e r a g e
o f
v a l u e  AHS =  5 4 9 7  ± 21 c a l  m o l" 1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  = 5 0 , 0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  t h e  e l e c t r o l y t e  i n  t h e  f i n a l  s o l u t i o n , ex. —
w h e r e  c^  = c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  =  t o t a l
c o n c e n t r a t i o n  i n  f i n a l  s o l u t i o n .  V a lu e s  o f  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t
o
u s e d ,  Ka  = 4 .  I o n  s i z e  p a r a m e t e r ,  a  = 5 . 8  
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le  i n  PC =  - 0 .0 0 5 8 8  c a l
d  H e a t  o f  s o l u t i o n  o f  P r 4NPh4 B i n  PC c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k
e  H e a t  o f  s o l u t i o n  o f  P r 4NPh4 B i n  PC c o r r e c t e d  f o r  h e a t  o f  b r e a k in g  em p ty
a m p o u le  an d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  b y  t h e  e x t e n d e d  D e b y e - H u c k e l
e q u a t io n
f oc close to one, average (e) values = 5497 cal mol"1
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Table 3.32 Enthalpy of solution of tetra-n-butylammonium tetraphenylborate
in propylene carbonate at 298 K
Bu4NPh4 B
a m o u n t
w e ig h e d /g
•*ac /m o l  dm 3
b
oc,
c
Q c o r r
c a l
d
AH
c a l  m o l" 1
* H Co: 
c a l  i
0 .0 4 9 3 9 1 .7 6  x  10 “ 3 0 .9 9 8 4 0 .6 2 6 4 7 1 1 9 7 1 1 8
0 .0 4 5 9 0 1 .6 4  x  1 0 " 3 0 .9 9 8 5 0 .5 8 0 2 7 0 9 5 7 0 9 4
0 .0 3 9 3 3 1 .4 0  x  1 0 " 3 0 .9 9 8 7 0 .4 9 8 2 7 1 1 0 7 1 0 9
0 .0 3 5 9 7 1 .2 8  x  10“ 3 0 .9 9 8 8 0 .4 5 0 3 7 0 2 6 7 0 2 5
A v e r a g e
o f
v a l u e  AHS = 7 0 8 6  ±  4 2 c a l  m o l" 1
a V o lu m e o f  s o l v e n t  i n  r e a c t i o n  v e s s e l  =  5 0 .0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  £*■= c ^ / c ^  w h e r e  
=  c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  c ^  =  t o t a l  c o n c e n t r a t i o n  
i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t ,  Ka  =  1 .
o
I o n  s i z e  p a r a m e t e r ,  a  =  5 . 0  
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  PC = - 0 .0 0 5 8 8  c a l  
d H e a t  o f  s o l u t i o n  o f  Bu4NPh4 B i n  PC a f t e r  c o r r e c t i o n  f o r  h e a t  o f  a m p o u le  
b r e a k
e  H e a t  o f  s o l u t i o n  o f  Bu4NPh4 B i n  PC c o r r e c t e d  f o r  h e a t  o f  am p o u le  b r e a k  
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  by t h e  e x t e n d e d  D e b y e -H u c k e l  e q u a t io n  
f  o c  c l o s e  t o  o n e ,  a v e r a g e  ( e )  v a l u e s  =  7 0 8 6  c a l  m o l" 1
T a b le  3 . 3 3  E n t h a lp y  o f  s o l u t i o n  o f  t e tr a -n -r a e th y la m m o n iu m  t e t r a p h e n y l b o r a t e  
i n  d im e t h y l  s u lp h o x id e
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Me4NPh4 B
a m o u n t
w e i g h e d / g
c / m o l  dm” '3
b
Oc
c
2 c o r r
c a l
d
AH
c a l  m o l” 1
^ c o :  
c a l  i
0 .0 4 9 0 4 2 . 5 0  x  10” 3 0 .9 9 3 9 0 .6 9 9 4 5 6 0 7 5 4 6 1
0 .0 3 8 7 7 1 .9 7  x  1 0 ” 3 0 .9 9 5 4 0 .5 6 9 8 5 7 7 8 5 6 4 7
0 .0 3 0 7 9 1 .5 7  x  1 0 ” 3 0 .9 9 6 1 0 .4 3 2 4 5 5 2 1 54 0  3
0 .0 3 0 7 3 1 .5 6  x  1 0 “ 3 0 .9 9 6 2 0 .4 4 4 4 5 6 8 5 5 5 6 7
A v e r a g e
o f
v a l u e  A hs  = 5 5 2 0  ±  10 9 c a l  m o l” 1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  cx.= Ci / CT w h e r e  
c^  =  c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  ct  =  t o t a l  c o n c e n t r a t i o n  
i n  f i n a l  s o l u t i o n .  V a lu e s  o f  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t  u s e d ,
o
Ka  =  3 .  s i z e  p a r a m e t e r ,  a  = 5 .1  
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  Me2 SO =  - 0 .0 0 4 6 6  c a l  
d H e a t  o f  s o l u t i o n  o f  Me4NPh4B i n  Me2S 0  c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
e  H e a t  o f  s o l u t i o n  o f  Me4NPh4B i n  Me2 SO c o r r e c t e d  f o r  h e a t  o f  b r e a k in g  
em p ty  a m p o u le  a n d  h e a t  o f  d i l u t i o n  c a l c u l a t e d  by e x t e n d e d  D e b y e - H iic k e l  
e q u a t i o n
f ex. close to one, average (e) values = 5520 cal mol-1
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Table 3.34 Enthalpy of solution of tetra-n-ethylammonium tetraphenylborate
in dimethyl sulphoxide at 298 K
E t 4NPh4 B
a m o u n t
w e i g h e d / g
raa
c / m o l  dm"-3
b
cx,
c
Q c o r r
c a l
d
AH
c a l  m o l" 1
AHCO;
c a l  ]
0 .0 6 4 2 3 2 .8 6  x  1 0 "3 0 .9 9 5 4 1 .0 5 0 6 7 3 4 7 7 1 9 3
0 .0 4 2 7 8 1 .9 0  x  1 0 " 3 0 .9 9 6 8 0 .7 0 2 3 7 3 7 4 7 2 4 5
0 .0 3 3 9 4 1 .5 1  x  1 0 " 3 0 .9 9 7 3 0 .5 4 2 8 7 1 8 4 7 0 6 8
0 .0 2 4 0 3 1 .0 7  x  1 0 ~3 0 .9 9 8 1 0 .3 9 3 3 7351 7 2 5 1
A v e r a g e
o f
v a l u e  AHS = 7 1 8 9  ±  8 5 c a l  m o l" 1
a  V o lu m e o f  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  D e g r e e  o f  d i s s o c i a t i o n  o f  e l e c t r o l y t e  i n  f i n a l  s o l u t i o n ,  oc = c ^ / c T w h e r e  
c^  =  c o n c e n t r a t i o n  o f  d i s s o c i a t e d  e l e c t r o l y t e ,  c T =  t o t a l  c o n c e n t r a t i o n  
i n  f i n a l  s o l u t i o n .  V a lu e s  o f  t h e  i o n  p a i r  a s s o c i a t i o n  c o n s t a n t  u s e d ,
o
Ka  =  2 .  I o n  s i z e  p a r a m e t e r ,  a  =  5 . 2  
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  Me2S 0  = - 0 .0 0 4 6 6  c a l  
d H e a t  o f  s o l u t i o n  o f  E t 4NPh4 B i n  Me2SO c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
e  H e a t  o f  s o l u t i o n  o f  E t 4NPh4B i n  Me2 sO c o r r e c t e d  f o r  h e a t  o f  a m p o u le  b r e a k  
a n d  h e a t  o f  d i l u t i o n  a s  c a l c u l a t e d  b y t h e  e x t e n d e d  D e b y e -H iic k e l  e q u a t i o n  
f  e n c l o s e  t o  o n e ,  a v e r a g e  ( e )  v a l u e s  =  7 1 8 9  c a l  m o l-1
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m o la r  c o n c e n t r a t i o n  o f  i o n i c  s p e c i e s  i n  s o l u t i o n  a s  e x p l a i n e d  p r e v i o u s l y  
( s e c t i o n  3 . 1 . 1 ) .
o
T h e i o n - p a i r  a s s o c i a t i o n  c o n s t a n t ;  Ka  a n d  t h e  i o n - s i z e  p a r a m e t e r ;  a  o f  t h e
e l e c t r o l y t e s  i n  AN, PC a n d  Me2 SO u s e d  i n  t h e  e s t i m a t i o n  o f  c^  w e r e  o b t a i n e d
fr o m  t h e  l i t e r a t u r e 1 9 2 ' 2 1 2 ' 2 1 3 , a n d  a r e  g iv e n  i n  f o o t n o t e s  o f  e a c h  t a b l e .
F o r  a l l  t h e  e l e c t r o l y t e s  t h e  d e g r e e  o f  d i s s o c i a t i o n ;  o c , i n  t h e  f i n a l
s o l u t i o n  g iv e n  i n  t h e  t a b l e s  i s  c l o s e  t o  u n i t y ,  an d  t h e  a v e r a g e  v a l u e  o f
e n t h a l p i e s  o f  s o l u t i o n  a r e  t a k e n  a s  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n ;  
o
AHS .
o
T h e  u n c e r t a i n t i e s  i n  AHg v a l u e s  a r e  g iv e n  a s  t h e  s t a n d a r d  d e v i a t i o n  fro m
t h e  m ean . T a b le  3 .3 5  c o n t a i n s  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  o f
Me4NPh4 B a n d  E t 4NPh4 B i n  AN, PC a n d  Me2 SO/ a n d  o f  P r 4NPh4 B an d  Bu4NPh4 B i n
o
AN a n d  PC. T h is  s e t  o f  d a t a  i s  c o m b in e d  w i t h  AHt  f o r  e a c h  o f  t h e
. °  
d i s s o c i a t e d  e l e c t r o l y t e s  (R4N + Ph4 B ) , o b t a i n e d  fr o m  s i n g l e - i o n  AHt  v a l u e s
o
i n  t h e  r e l e v a n t  s o l v e n t , t o  o b t a i n  AHS v a l u e s  i n  w a t e r  o f  t h e  c o r r e s p o n d in g  
e l e c t r o l y t e  g iv e n  i n  t a b l e  3 . 3 5 .  A l s o  g iv e n  i n  t h i s  t a b l e  i s  t h e  e n t h a lp y  
o f  s o l u t i o n  v a l u e  f o r  t e t r a - n - b u t y la m m o n iu m  t e t r a p h e n y l b o r a t e , o b t a i n e d  fro m  
h e a t  o f  p r e c i p i t a t i o n  o f  t h i s  e l e c t r o l y t e  d e t e r m in e d  by B r i g h t  a n d  
J e z o r e k 211 u s i n g  t i t r a t i o n  c a l o r i m e t r y .
T h e v a l u e s  f o r  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  o f  Me4NPh4B , E t 4NPh4B ,  
P r 4NPh4 B a n d  Bu4NPh4 B i n  w a t e r  a s  o b t a i n e d  fr o m  in d e p e n d e n t  m e a s u r e m e n ts  i n  
AN, PC a n d  Me2S O ,sh o w  e x c e l l e n t  a g r e e m e n t .  T h e a v e r a g e  o f  t h e s e  v a l u e s  a r e  
t a k e n  a s  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  i n  w a t e r , w i t h  u n c e r t a i n t i e s  
r e p o r t e d  a s  t h e  s t a n d a r d  d e v i a t i o n  fro m  t h e  m ean . A l l  AH° v a l u e s  f o r  
s o l u t i o n  i n  w a t e r  a r e  g i v e n  i n  t a b l e  3 . 3 5 .
w here i s  th e  t o t a l  m o lar c o n c e n t r a t io n  o f e l e c t r o l y t e ,a n d  i s  th e
Table 3.35 Enthalpies of solution (Kcal mol"1) of tetra-n-alkylammonium
tetraphenylborates in water at 298 K
e l e c t r o l y t e s o l v e n t
o  a  
AH S
o  b
AHt
o
AHS
( h 2 o )
Me4NPh4B AN 5 .8 1 - 5 . 9 2 1 1 .7 3
PC 4 .9 3
05CO*fci 1 2 .3 1
d
1 2 .0  ±  0 .2 9
Me2 SO 5 .5 2 - 6 . 5 0 1 2.02
E t 4N Ph4B AN 6 .6 2 - 2 . 5 4 9 . 1 6
PC 5 . 8 5 - 3 . 3 2 9 .1 7
Me2 s o 7 .1 9 - 1 . 8 3 9 .0 2
P r 4NPh4B AN 6 .1 7 0 .1 3 6 .0 4
PC 5 .5 0 - 0 . 7 0 6.20
Bu4NPh4B AN 8.02 1 .7 8 6 . 2 4
PC 7 .0 9 0 .9 0 6 .1 9
5 .7 6
a  T h i s  w ork  ( t a b l e s  3 .2 5  -  3 . 3 4 )
, °  o
b  AHt  v a l u e s  o b t a i n e d  fr o m  s i n g l e - i o n  AHt  v a l u e s  r e f .  1 7 5  an d  i r e f . 1 7 7  
c  R e f .  211
A °a  A v e r a g e d  v a l u e  f o r  AHS (H20 )
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on  t h e  P h 4 AsPhdB C o n v e n t io n  
o
H a v in g  o b t a i n e d  a  s e t  o f  AHS v a l u e s  f o r  a  s e r i e s  o f  e l e c t r o l y t e s  i n  
n itr o m e t h a n e , .  t h e  e n t h a l p i e s  o f  t r a n s f e r  fro m  w a t e r  t o  n i t r o m e t h a n e  c a n  b e  
c a l c u l a t e d  fro m
o o o
AHt  = AHs {MeN02 ) -  Ahs (H20 )
T a b le  3 . 3 6  c o n t a i n s  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  f o r  e l e c t r o l y t e s  i n
o
n i t r o m e t h a n e  o b t a i n e d  i n  t h i s  w o rk , an d  t h e  c o r r e s p o n d in g  AHS v a l u e s  i n  
w a t e r .
M o s t  o f  t h e  s t a n d a r d  e n t h a l p i e s  o f  s o l u t i o n  i n  w a t e r  f o r  t h e  s e r i e s  o f
e l e c t r o l y t e s  g iv e n  i n  t h i s  t a b l e  a r e  t h o s e  r e p o r t e d  b y  C ox a n d
W a g h o rn e2 0 6 . AHS v a l u e s  i n  w a t e r  f o r  Me4N P i,  E t4 N P i w e r e  t a k e n  fr o m  F in c h
a n d  S m it h 2 1 4 . F o r  t h e  t e t r a - a lk y la m m o n iu r a  t e t r a p h e n y l b o r a t e s ,  AHg v a l u e s
i n  w a t e r  a r e  t h o s e  o b t a i n e d  i n  t h i s  w o r k ,a n d  g i v e n  i n  t a b l e  3 . 3 5 .  
o
T h e  AHt  v a l u e s  f o r  t r a n s f e r  o f  t h e  e l e c t r o l y t e s  fr o m  w a t e r  t o  
n i t r o m e t h a n e  a r e  g iv e n  i n  t a b l e  3 . 3 6 .
o
R e s u l t s  o f  t a b l e  3 .3 6  sh ow  t h a t  AH .^ v a l u e s  f o r  t e t r a - n - a lk y la m m o n iu m  
s a l t s  i n  t r a n s f e r s  fr o m  w a t e r  t o  n i t r o m e t h a n e  a r e  m o s t l y  n e g a t i v e .  T h a t  
i s ,  t h e y  a r e  e n t h a l p i c a l l y  m ore s t a b l e  i n  n i t r o m e t h a n e  (AHt  m ore n e g a t i v e )  
t h a n  i n  w a t e r .
o
T h e  d a t a  sh o w s AHt  v a l u e s  f o r  1 :1  e l e c t r o l y t e s  h a v in g  a common c a t i o n ,  
b eco m e m ore p o s i t i v e  i n  t h e  o r d e r
C 104 “ Z  I"  Z - B r “ Z  C l"
o
A l s o  AHt  v a l u e s  f o r  t r a n s f e r  o f  1 :1  e l e c t r o l y t e s  c o n t a i n i n g  a  common a n io n  
fr o m  w a t e r  t o  n i t r o m e t h a n e ,b e c o m e  m ore p o s i t i v e  a s  t h e  s i z e  o f  t h e  c a t i o n  
i n c r e a s e s .
o
T h e  AHt  v a l u e s  o f  1 :1  e l e c t r o l y t e s  c o n t a i n i n g  l a r g e  o r g a n i c  i o n s  a r e  
s i m i l a r  t o  t h o s e  o f  n o n - e l e c t r o l y t e ^  a n d  r e s u l t  fro m  h y d r o p h o b ic  
i n t e r a c t i o n s .
3.1.4 Single-Ion Enthalpies of Transfer from Water to Nitromethane Based-
T a b le  3 . 3 6  E n t h a l p i e s  o f  t r a n s f e r  o f  1 :1  e l e c t r o l y t e s  fr o m  w a t e r  t o  
n i t r o m e t h a n e  i n  K c a l  m o l” 1 a t  2 9 8  K
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e l e c t r o l y t e
0 a
AHs
(MeN0 2 )
0 b  
AHS
(H20 )
0
AHt
h
o b s .
(H2o  —9MeN02 )
I
c a l c .
E t 4N C l0 4 2 . 5 0 7 . 4 0 d - 4 . 9 0 - 5 . 0 3
P r 4N C l0 4 4 . 6 7 6 . 5 4 e - 1 . 8 7 - 1 . 8 4
BU4NCIO4 2 .8 2 2 . 5 1 g 0 .3 1 0 .5 4
P h 4A s C l0 4 6 . 7 0 1 2 .8 0 d - 6 .1 0 - 6 . 2 4
Me4 N I 5 . 0 4 1 0 .0 7 - 5 . 0 3 - 5 . 0 9
E t 4 N I 4 . 4 2 6 .7 2 - 2 . 3 0 - 2 . 3 0
P r 4N I 3 .4 9 2 . 7 6 0 .7 3 0 .8 9
BU4N I 7 . 4 0 3 .9 0 3 . 5 0 3 .2 7
P h 4 A s I 4 . 6 3 8 . 2 8 - 3 . 6 5 - 3 .5 1
E t 4NBr 2 .6 8 1 . 4 3 ° 1 .2 5 1 .2 5
P h 4 P B r 2 . 0 3 2 . 2° - 0 . 1 7 - 0 . 1 7
E t 4 N C l 1 .6 3 - 3 . 0  d 4 .6 3 -
N aPh4 B - 3 . 7 4 - 4 . 7 8 1 .0 4
E t 4NPh4 B 6 . 8 5 9 . 12f - 2 . 2 7 - 2 . 0 9
P r 4NPh4 B 7 .4 1 6 . 12f 1 .2 9 1 .1 0
B u4NPh4 B 9 . 5 4 6 . 0 6 f 3 .4 8 3 .4 8
Me4N P i 3 . 3 7 7 .6  l e - 4 . 2 4 - 4 . 1 8
E t 4N P i 6 . 3 2 7 .6 5 ® - 1  .3 3 - 1 . 3 9
a  T h i s  w o r k , t a b l e s  3 . 7  -  3 .2 4  
o
b AHS [M.TX 'J i n  w a t e r  fr o m  r e f .  2 0 5
c  R e f .  2 3 9
d R e f .  197
e  R e f .  214.
f  T h i s  w ork  ( t a b l e  3 . 3 5 )
9  R e f . 2 .0 8
h  A H °(H 20 - ^  MeN02 ) =  AHg (MeN02 ) - A H g ( H 20 )
L .See. Le.>A-
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A s e n t h a l p i e s  o f  t r a n s f e r  o f  e l e c t r o l y t e s  a r e  made up  o f  a d d i t i v e  
i o n i c  c o n t r i b u t i o n s / i t  i s  u s u a l  t o  d i s c u s s  t r e n d s  f o r  s i n g l e - i o n  e n t h a l p i e s  
o f  t r a n s f e r  t h a t  may e x e m p l i f y  t h e  d o m in a n t  i n t e r a c t i o n s .  A l s o  i o n i c  
c o n t r i b u t i o n s  w i l l  b e  u s e f u l  i n  t e s t i n g  t h e  s e l f - c o n s i s t e n c y  o f  t h e  d a t a .
E n t h a l p i e s  o f  t r a n s f e r  o f  1 :1  e l e c t r o l y t e s  fr o m  w a te r  t o  n i t r o m e t h a n e  
( t a b l e  3 . 3 6 )  a r e  u s e d  t o  c a l c u l a t e  s i n g l e - i o n  e n t h a l p i e s  o f  t r a n s f e r  f o r  8 
c a t i o n s  a n d  7 a n io n s  by e x t r a th e r m o d y n a m ic  c o n v e n t io n  p r o p o s e d  b y  
P a r k e r 1 9 9 .
0 , 0  
(AHt Ph4A s+ = AHt Ph4B “ )
o
V a lu e s  o f  AHt  [Ph4A sPh4B] w e r e  o b t a i n e d  i n d i r e c t l y  b y  c o m b in a t io n  o f
o
AHt  v a l u e s  f o r  e l e c t r o l y t e s  c o n t a i n i n g  t h e  p a r t i c u l a r  c a t i o n  o r  a n i o n .
o
D e r iv e d  s i n g l e - i o n  AHt  v a l u e s  a r e  g iv e n  i n  t a b l e  3 . 3 7 / an d  c a l c u l a t e d
o
AHt  v a l u e s  f o r  1 :1  e l e c t r o l y t e s  o b t a i n e d  fro m  t h e s e  v a l u e s  g iv e n  i n  t a b l e  
3 . 3 6 .
o
C o m p a r iso n  o f  c a l c u l a t e d  a n d  o b s e r v e d  AHt  v a l u e s  f o r  1 :1  e l e c t r o l y t e s
fr o m  w a t e r  t o  n i t r o m e t h a n e  e n a b l e s  t e s t i n g  f o r  s e l f - c o n s i s t e n c y  o f  t h e s e
s e t  o f  d a t a .  An a v e r a g e  d i f f e r e n c e  o f  0 .1 1  K c a l  m o l" 1 b e tw e e n  o b s e r v e d  
o
a n d  c a l c u l a t e d  AHt  v a l u e s  i s  f o u n d ,a g a i n  s h o w in g  e x c e l l e n t  c o n s i s t e n c y  f o r
t h i s  s e t  o f  d a t a .  T h e AHt  f o r  N a+ h a s  b e e n  o b t a in e d  fr o m  e n t h a lp y  o f
s o l u t i o n  o f  a  s i n g l e  e l e c t r o l y t e  a n d  c a n n o t  b e  t e s t e d  f o r  s e l f -
c o n s i s t e n c y .  T h e sam e a p p l i e s  f o r  B r " ,  C l"  a n d  P h 4P + i o n s .  F o r  c o m p a r is o n
w i t h  s i n g l e  i o n  e n t h a l p i e s  o f  t r a n s f e r  fr o m  w a t e r  t o  o t h e r  d i p o l a r  a p r o t i c
o
s o l v e n t s ,  s i n g l e - i o n  AHt  v a l u e s  f o r  t r a n s f e r  fro m  w a te r  t o
d im e t h y lf o r m a m id e ,  d i m e t h y l s u l p h o x i d e ,  p r o p y le n e  c a r b o n a t e  an d  a c e t o n i t r i l e
o
a r e  g i v e n  i n  t a b l e  3 . 3 8 ,  t o g e t h e r  w i t h  c o r r e s p o n d in g  AHt  v a l u e s  fr o m  w a t e r  
t o  n i t r o m e t h a n e  d e r i v e d  i n  t h i s  w o rk  ( t a b l e  3 . 3 7 ) .
T a b le  3 . 3 7  S i n g l e - i o n ^ e h ^ f i a l p i e s  o f  t r a n s f e r  fro m  w a t e r  t o  n i t r o m e t h a n e  
b a s e d  o n  AHt  [Ph4A s+ ] =AHt [Ph4B“ ] i n  K c a l  m o l" 1 a t  2 9 8  K
o o
I o n  AHt  I o n  A H t
N a+ 2 . 6 9 Cl" 5 .0 7
Me4N+ - 3 . 2 3 ±
a
0 .1 0 Br" 1 . 6 9
E t4N+ - 0 . 4 4 ±
a
0 .1 0 I" - 1 .8 6 ±
a
0 .1 0
P r 4N+ 2 . 7 5 +
a
0 .1 0 c io 4" - 4 . 5 9 +
a
0 .1 5
Bu4N+ 5 . 1 3 +
a
0 .1 5 P ic " - 0 . 9 5 ±
a
0 .0 5
P h 4P+ - 1.8 6 P h 4B” - 1 . 6 5 ±
a
0 .10
Ph4A s+ - 1 . 6 5 + 0 . 1 5
a  T h e s e  v a l u e s  a r e  t h e  m ean o f  t h e  d i f f e r e n c e s  b e t w e e n  t h e  o b s e r v e d  an d  
o
c a l c u l a t e d  AHt  v a l u e s  i n  t a b l e  3 .3 6  f o r  t r a n s f e r s  i n v o l v i n g  t h i s  i o n .
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fro m  w a te r  t o  an y  s o l v e n t  a r e  g e n e r a l l y  e x o t h e r m ic .  T h is  m eans t h a t  t h e
c a t i o n s  a r e  e n t h a l p i c a l l y  m ore s t a b l e  i n  t h e  s o l v e n t  t h a n  i n  w a t e r .  T a b le  
o
3 , 3 8  i n c l u d e s  AHt  v a l u e s  f o r  t r a n s f e r  o f  L i + , K+ , Rb+ a n d  C s+ o b t a i n e d  v i a
t h e  th e r m o d y n a m ic  c y c l e , a s  g iv e n  i n  s e c t i o n  3 . 3 . 2 .  F o r  t r a n s f e r  fr o m  w a t e r
o  o
t o  n i t r o m e t h a n e ,  AHt [ L i+ ] a n d  AHt [Na+] a r e  p o s i t i v e  m e a n in g  t h a t  i n  
e n t h a l p i c  t e r m s ,  L i+  a n d  Na+ a r e  m ore s t a b l e  i n  w a t e r  t h a n  i n  MeN02 •
I n  t h e  c a s e  o f  a n i o n s ,  t h e  t r a n s f e r  fr o m  w a t e r  t o  s o l v e n t s  may b e
o  o
e n t h a l p i c a l l y  f a v o u r a b l e  (AHt  n e g a t i v e ) ,  o r  u n f a v o u r a b le  (AHt  p o s i t i v e )
d e p e n d in g  on  t h e  n a t u r e  o f  t h e  a n io n .  T h is  i s  sh ow n  i n  t a b l e  3 . 3 8 .
S i m i l a r  t o  t r a n s f e r s  fr o m  w a te r  t o  e a c h  o f  t h e  d i p o l a r  a p r o t i c
o
s o l v e n t s  g iv e n  i n  t a b l e  3 . 3 8 ,  AHt  v a l u e s  f o r  R4lir i o n s  b ecom e m ore p o s i t i v e
i n  t h e  s e r i e s  Me4N+ , E t4 N+ , P r 4N+ a n d  B u4N+ .
A n io n s  s u c h  a s  C l“ i o n ,  a r e  s t r o n g l y  s o l v a t e d  i n  w a te r  b e in g  g o o d
h y d r o g e n -b o n d  a c c e p t o r s .  T h u s , t r a n s f e r  t o  d i p o l a r  a p r o t i c  s o l v e n t s  w o u ld
o
b e  e n t h a l p i c a l l y  u n f a v o u r a b l e , g i v i n g  a  p o s i t i v e  AHt  v a l u e .
o
F o r  l a r g e  a n io n s  s u c h  a s  I ” an d  C lC ^", AH-^  v a l u e s  a r e  n e g a t i v e .  T h e
a n io n s  b e i n g  w eak  h y d r o g e n -b o n d  a c c e p t o r s  b u t  h i g h l y  p o l a r i z a b l e  a r e  i n
e n t h a l p i c  t e r m s ,  f a v o u r a b ly  t r a n s f e r r e d  t o  n o n a q u e o u s  s o l v e n t s .
o
T h e  p o s i t i v e  AHt  f o r  P r 4N+ an d  B u4N+ i o n s  o p p o s e s  t h a t  o f  t h e
, o
s i m i l a r l y  l a r g e  o r g a n i c  i o n s  P h4A s^  a n d  Ph4B” ( n e g a t i v e  AHt v a l u e s ) / f o r
t r a n s f e r  fr o m  w a t e r  t o  n i t r o m e t h a n e .
A s e x p l a i n e d  b y  a  num ber o f  a u t h o r s , 1 8 7 ' 134 a l t h o u g h  t h e  h y d r a t io n  o f
b o t h  i o n s  i s  e n t h a l p i c a l l y  f a v o u r e d  a s  a  r e s u l t  o f  t h e  i n c r e a s e s  i n  t h e
s t r u c t u r e  o f  w a t e r  i n  t h e  v i c i n i t y  o f  h y d r o p h o b ic  s o l u t e s ;  t h i s  e f f e c t  i s
o f f s e t  by t h e  s t r o n g e r  d i s p e r s i o n  i n t e r a c t i o n  b e t w e e n  Ph4A s+ o r  Ph4B" io n
As noted by Cox and Parker187t the enthalpies for transfer of cations
and th e  non-aqueous s o lv e n t .
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C o m b in a t io n  o f  f r e e  e n e r g i e s  an d  c o r r e s p o n d in g  e n t h a l p i e s  y i e l d s  
s i n g l e - i o n  e n t r o p i e s  f o r  t r a n s f e r  fr o m  w a te r  t o  n i t r o m e t h a n e  u s i n g  t h e  
r e l a t i o n s h i p
o o o
AGt  = AHt  -  TASt  ( 3 . 2 7 )
S i n g l e - i o n  e n t r o p i e s  on  t h e  m o la r  s c a l e ,  b a s e d  on  t h e  P h 4A sP h 4 B a s s u m p t io n ,
a r e  g iv e n  i n  t a b l e  3 . 3 9 .  An e s t i m a t e d  e r r o r  o f  l e s s  t h a n  1 c a l  K" 1 m o l" 1
o  o  o
f o r  s i n g l e - i o n  ASt  v a l u e s  r e s u l t s  w hen  e r r o r  o f  &Gt  ~ - 0 . 1 4  a n d  AHt  ~ 0 . 1 1
-  o
K c a l  m o l" 1 a r e  c o m b in e d . T he lo w e r  p r e c i s i o n  i n  &St  v a l u e s  i s  e x p e c t e d  a s
o  o
d a ta  c o n t a i n s  t h e  c o m b in e d  e x p e r im e n t a l  e r r o r s  o f  &Gt  a n d  AHt  v a l u e s .  
E n t r o p i e s  f o r  t r a n s f e r  o f  i o n s  fr o m  w a t e r  t o  v a r i o u s  s o l v e n t s
i n c l u d i n g  p o l a r  an d  n o n p o la r  a p r o t i c  s o l v e n t s / h a v e  b e e n  r e p o r t e d  by s e v e r a l
o
w o r k e r s .  An e x t e n s i v e  c o i r p i l a t i o n  o f  ASt  d a ta  i n c l u d e s  t h a t  o f  C ox a n d
P a r k e r 197 i n  w h ic h  t r e n d s  e x h i b i t e d  b y s i n g l e - i o n s  f o r  t r a n s f e r  fro m  w a t e r
t o  s o l v e n t s  MeOH, DMF, Me2 S0 , PC a n d  AN w e r e  d i s c u s s e d , a s  w e l l  a s
c o n t r i b u t i o n s  o f  e n t r o p y  a n d  e n t h a lp y  te r m  t o  f r e e  e n e r g y  o f  t r a n s f e r  o f
s i n g l e - i o n s  fr o m  w a t e r  t o  r e s p e c t i v e  s o l v e n t .
o
F o r  c o m p a r is o n  w i t h  ASt  d a ta  f o r  s i n g l e - i o n s  f o r  t h e  t r a n s f e r  fr o m
o
w a t e r  t o  n i t r o m e t h a n e  o b t a i n e d  i n  t h i s  w o r k , r e p r e s e n t a t i v e  A St  d a ta  f o r  
t r a n s f e r  fr o m  w a t e r  t o  a  num ber o f  n o n a q u e o u s  s o l v e n t s  i s  g iv e n  i n  t a b l e  
3 . 4 0 .
o
T h e r e g u l a r  t r e n d  e x h i b i t e d  i n  AS-j. v a lu e s  o f  a n io n s  an d  c a t i o n s  
e x c l u d i n g  t h e  l a r g e  o r g a n i c  i o n s  s u c h  a s  P r 4N+ a n d  Ph4A s+ fr o m  w a t e r  t o  
n o n -a q u e o u s  s o l v e n t s ,  i s  o b s e r v e d  i n  t r a n s f e r s  o f  t h e s e  i o n s  fr o m  w a t e r  t o  
n i t r o m e t h a n e .  T h e  t r a n s f e r  fr o m  w a t e r  t o  e a c h  o f  t h e  n o n - a q u e o u s  s o l v e n t s  
o f  s i n g l e - i o n s  e x c l u d i n g  t h e  l a r g e  o r g a n ic  i o n s ,  a r e  a c c o m p a n ie d  b y  a  
d e c r e a s e  i n  e n t r o p y .  F o r  t h e  l o s s  i n  e n t r o p y  o b s e r v e d  f o r  t h e  t r a n s f e r  o f
3.1.5 Entropies of Transfer of Single-Ions from Water to Nitromethane
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T a b le  3 . 3 9  D e r iv e d  s i n g l e - i o n  e n t r o p i e s  o f  t r a n s f e r  fr o m  w a t e r  t o
n i t r o m e t h a n e  i n  caUC" 1 m o l**1 a t  2 9 8  K b a s e d  on  t h e  P h 4A s + /P h 4B_ 
c o n v e n t i o n
I o n  AGt / K c a l  m o l*"1 AHt / K c a l  m o l-1  A s t / c a l K _1 m o l*"1
L i + 1 2 .0 5 b
Na+ 7 .5 5  2 . 6 9  - 1 6 . 3
Ag+ 6 . 2 °
Me4N+  - 1 . 1 0  - 3 . 2 3  - 7 . 2
E t 4N+  - 2 . 4 5  - 0 . 4 4  6 . 7
P r 4N+ - 4 . 7 7  2 . 7 5  2 5 .2
P h 4P+  - 8 . 0 2  - 1 . 8 6  2 0 .7
P h 4A s+ - 7 . 8 0  - 1 . 6 5  2 0 .6
C l” 9 .0 0  5 . 0 7  - 1 3 . 2
Br" 6 .9 2  1 .6 9  - 1 7 . 5
I ”  4 .5 1  - 1 . 8 6  - 2 1 . 4
C 104 " 1 .1 2  - 4 . 5 9  - 1 9 . 2
P h 4B" - 7 . 8 0  - 1 . 6 5  2 0 .6
o  o
a  C a l c u l a t e d  fr o m  AGt  v a l u e s  ( t a b l e  3 . 3 )  a n d  AHt  v a l u e s  ( t a b l e  3 . 3 7 )
o b t a i n e d  i n  t h i s  w ork
b  [ L i+ ] fr o m  r e f .  2 0 3
o
c AGt [Ag+] from ref. 198
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b o t h  a n io n s  an d  c a t i o n s  fr o m  w a t e r  t o  n i t r o m e t h a n e ,  v a l u e s  r a n g e  fr o m  - 7 . 2  
t o  - 2 3 . 3  c a l  K" 1 m o l" 1 .
F o r  t r a n s f e r s  fro m  w a t e r  t o  t h e  s o l v e n t s  DMF, Me2SO, PC , AN a n d  MeN02 ,
°  .  ,
A S t  v a l u e s  f o r  l a r g e  o r g a n i c  i o n s ,  P h4A s'r' an d  P r 4N ,• a r e  l a r g e  an d  p o s i t i v e .
A l s o ,  e n t r o p i e s  f o r  t r a n s f e r  o f  R4N+ i o n s  fro m  w a te r  t o  e a c h  o f  t h e  d i p o l a r  
a p r o t i c  s o l v e n t s  i n c r e a s e  a s  t h e  s i z e  o f  t h e  c a t i o n  i n c r e a s e s .
3 . 2  THERMODYNAMIC PARAMETERS FOR COMPLEXATION OF METAL CATIONS AND
CRYPTAND 2 2 2  IN DIPOLAR APROTIC SOLVENTS
3 . 2 . 1  I n t r o d u c t i o n
A k n o w le d g e  o f  t h e  e n t h a lp y  a n d  e n t r o p y  t e r m s  an d  t h e i r  c o n t r i b u t i o n
t o  t h e  f r e e  e n e r g y  o f  c o m p le x a t io n  b e tw e e n  m e t a l  i o n s  a n d  c r y p t a n d s  i n
d i f f e r e n t  r e a c t i o n  m e d ia , c o u ld  h e l p  t o  e l u c i d a t e  som e o f  t h e  f a c t o r s
g o v e r n i n g  c o m p le x  f o r m a t i o n .
A lt h o u g h  s t a b i l i t y  c o n s t a n t s  f o r  m e t a l - i o n  c r y p t a t e s  i n  d i f f e r e n t
s o l v e n t s  h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e ,  t h e  e n t h a lp y  v a l u e s  f o r
c o m p le x  f o r m a t io n  h a v e  b e e n  m a in ly  l i m i t e d  t o  w a t e r 112' 113  an d  m e t h a n o l116'
128 a s  s o l v e n t s , a n d  t o  c r y p t a n d  222 a s  t h e  l i g a n d .
o
Among t h e  d i p o l a r  a p r o t i c  s o l v e n t s ,  AHC d a t a  f o r  c o m p le x a t io n  o f  
c r y p t a n d  2 2 2  w i t h  o n l y  K+ a n d  Ag+ c a t i o n s  i n  DMF, Me2SO, PC a n d  AN? a n d  T l + 
i n  DMF h a v e  b e e n  r e p o r t e d 1 2 6 . L i k e w i s e ,  e n t r o p i e s  o f  c o m p le x in g  o f  
c r y p t a n d  222 w i t h  a l k a l i  m e t a l  a n d  s i l v e r  c a t i o n s  r e f e r  g e n e r a l l y  t o  w a t e r  
a n d  m e t h a n o l  a s  s o l v e n t s .  T h e o n ly  l i t e r a t u r e  v a l u e s  f o r  e n t r o p i e s  o f  
c o m p le x in g  o f  c r y p t a n d  2 2 2  i s  t h a t  w i t h  Ag+ c a t i o n  i n  t h e  s o l v e n t s  DMF, 
Me2SO, PC a n d  AN1 2 6 . T h e c o m p le x a t io n  p a r a m e t e r s ,  e n t h a l p i e s  an d  
e n t r o p i e s ,  ca n  a l s o  b e  u s e d  t o  o b t a i n  t h e  c o r r e s p o n d in g  p a r a m e t e r s  f o r  t h e  
t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  am ong t h e  v a r i o u s  s o l v e n t s .  F u r th e r m o r e ,
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th e r m o d y n a m ic  p a r a m e t e r s  f o r  t h e  c o m p le x a t io n  r e a c t i o n  c a n  b e  o f  u s e  i n  
s t u d y i n g  t h e  th e r m o d y n a m ic  p a r a m e t e r s  o f  e x t r a c t i o n  p r o c e s s e s .  T h e h e a t s  
o f  c o m p le x in g  o f  a l k a l i  m e t a l  a n d  s i l v e r  c a t i o n s  w i t h  c r y p t a n d  222 w e r e  
t h u s  m e a su r e d  c a l o r i m e t r i c a l l y  i n  t h i s  w o rk . T h e s o l v e n t s  u s e d  f o r  s t u d y  
i n c l u d e d  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  DMF, Me2S 0 ,  PC , AN a n d  MeN0 2 »
3 . 2 . 2  E n t h a l p i e s  o f  C o m p le x in g  o f  A l k a l i - M e t a l  a n d  s i l v e r  C a t i o n s  w i t h  
C r y p ta n d  2 2 2
R e s u l t s  o f  c a l o r i m e t r i c  m e a su r e m e n ts  f o r  e n t h a l p i e s  o f  c o m p le x in g  o f  
a l k a l i - m e t a l  an d  s i l v e r  c a t i o n s  w i t h  c r y p t a n d  2 2 2  i n  DMF, Me2SO, PC , AN a n d  
o n ly  f o r  a l k a l i  m e t a l  c a t i o n s  i n  MeN02 , a r e  g iv e n  i n  t a b l e s  3 .4 1  -  3 . 6 7 .
A s h e a t s  o f  c o m p le x in g  o f  m e t a l  c a t i o n s  w i t h  t h i s  l i g a n d  i n  t h e  
d i f f e r e n t  s o l v e n t s  w e r e  o b t a i n e d  hy tw o  m e th o d s , t i t r a t i o n  c a l o r i m e t r y  a n d  
c o n v e n t i o n a l  s o l u t i o n  c a l o r i m e t r y ,  t h e  r e s u l t s  w i l l  b e  d i s c u s s e d  
s e p a r a t e l y .
E n t h a l p i e s  o f  c o m p le x in g  o f  a l k a l i - m e t a l  N a+ , K+ , Rb+ , C s+ a n d  A g+ 
c a t i o n s  w i t h  c r y p t a n d  2 2 2  i n  DMF a n d  Me2SO/ w e r e  d e t e r m in e d  hy t i t r a t i o n  
c a l o r i m e t r y .  H e a t s  o f  c o m p le x in g  w e r e  m e a su r e d  a t  a  s e r i e s  o f  e l e c t r o l y t e  
c o n c e n t r a t i o n s .  S a l t s  u s e d  t o  p r e p a r e  t h e s e  e l e c t r o l y t e  s o l u t i o n s  i n c l u d e d  
N a C l0 4 , KC104 , R b l ,  C s l  a n d  A g C l0 4 . T h e s e  s a l t s  w e r e  c h o s e n  b e c a u s e  t h e y  
a r e  c o m p l e t e l y  d i s s o c i a t e d  i n  DMF a n d  Me2SO. T h e h e a t s  o f  d i l u t i o n  o f  
e l e c t r o l y t e s  an d  c r y p t a n d  222 m e a su r e d  c a l o r i m e t r i c a l l y  w e r e  n e g l i g i b l e .  
A l s o  c o n d u c t a n c e  m e a s u r e m e n ts  f o r  p e r c h l o r a t e  s a l t  o f  p o t a s s i u m  c r y p t a t e ;  
[K+ 2 2 2 ] C l 0 4 ~ i n  DMF a n d  Me2 S 0 1 7 3 ,  i n d i c a t e d  t h a t  t h e  m e t a l  c r y p t a t e  
c o m p le x e s  fo r m e d  d u r in g  t i t r a t i o n  c a l o r i m e t r i c  ru n  a r e  c o m p le t e l y  
d i s s o c i a t e d  i n  t h e s e  s o l v e n t s .  H e n c e ,h e a t s  o f  c o m p le x in g  o b t a i n e d ,r e q u i r e d  
n o  c o r r e c t i o n  f o r  a s s o c i a t i o n  o f  e i t h e r  s a l t s  o r  m e t a l  c r y p t a t e  c o m p le x e s  
i n  DMF an d  Me^SO.
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o f  e l e c t r o l y t e ;  M+X”, w as o b s e r v e d  i n  e i t h e r  s o l v e n t ,  a n d  t h e  a v e r a g e  o f  a t
o
l e a s t  f i v e  in d e p e n d e n t  m e a su r e m e n ts  i s  g iv e n  a s  AHC. T h e s t a n d a r d  
d e v i a t i o n  fr o m  t h e  m ean i s  a l s o  i n c l u d e d .
F o r  M+ = C s+ h o w e v e r ,c o m p le x  f o r m a t io n  i s  i n c o m p l e t e  a s  a  r e s u l t  o f  
t h e  lo w  s t a b i l i t y  o f  [C s+2 2 2 ]  c r y p t a t e  i n  DMF a n d  Me2SO. I n  t h i s  c a s e ,  
v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  e l e c t r o l y t e  c o n c e n t r a t i o n  o b s e r v e d  i s
o ,
u s e d  t o  c a l c u l a t e  AHC, a s  w e l l  a s  t h e  s t a b i l i t y  c o n s t a n t s  o f  [Cs 2 2 2 ]  
c r y p t a t e s  i n  DMF a n d  Me2SO*
A p l o t  o f  AHC v e r s u s  p e r c e n t a g e  c o m p le x a t io n  g a v e  a  s t r a i g h t  l i n e  t h a t  
p a s s e s  t h r o u g h  t h e  o r i g i n  w hen  v a l u e s  f o r  l o g  Ks  o f  [C s+ 2 2 2 ] c r y p t a t e  a r e
2 . 1 0  a n d  1 .4 0  i n  DMF a n d  Me2S0 ? r e s p e c t i v e l y .  C o m p a r iso n  w it h  t h e  
l i t e r a t u r e 1 18 v a l u e s  o f  2 .1 6  a n d  1 .4 0  f o r  l o g  Ks  o f  [C s+ 2 2 2 ] c r y p t a t e  i n  
DMF a n d  Me2SO? r e s p e c t i v e l y , sh ow  g o o d  a g r e e m e n t  b e t w e e n  t h e  p r e s e n t  a n d  
e a r l i e r  d e t e r m i n a t i o n s  o f  l o g  Ks  f o r  [C s+ 2 2 2 ]  c r y p t a t e s .
I n  Me2SO, D ye a n d  P o p o v 82 o b t a i n e d  a  v a l u e  o f  1 .4 5  f o r  l o g  Kg o f  
[C s+ 2 2 2 ]  c r y p t a t e  fr o m  1 3 3 c s  NMR s t u d i e s .
T h e s t a b i l i t y  c o n s t a n t  o f  [L i+ 2 2 2 ]  c r y p t a t e  i n  DMF h a s  n o t  b e e n  
r e p o r t e d  i n  t h e  l i t e r a t u r e ,  a n d  t h e  v a l u e  q u o t e d  b y  C ox a n d  S c h n e i d e r 118 i n  
Me2SO f o r  s t a b i l i t y  c o n s t a n t  o f  t h i s  c r y p t a t e  i s Z - 1 . 0 .  H e n c e , i t  w o u ld  b e  
e x p e c t e d  t h a t  t h e  h e a t s  o f  c o m p le x in g  o f  L i+  w i t h  c r y p t a n d  22 2  i n  DMF a n d  
Me2 SO a r e  s m a l l .
A t t e m p t s  a t  o b t a i n i n g  e n t h a l p i e s  o f  c o m p le x in g  f o r  L i+  c a t i o n  w i t h  
c r y p t a n d  2 2 2  i n  DMF a n d  Me2S 0 by t i t r a t i o n  c a l o r i m e t r y / f a i l e d .  E v en  w hen  
v e r y  h ig h  c o n c e n t r a t i o n s  o f  l i t h i u m  s a l t s  an d  c r y p t a n d  w e r e  u s e d ,  n o  
m e a s u r a b le  h e a t s  w e r e  o b t a i n e d  w i t h i n  t h e  s e n s i t i v i t y  r a n g e  o f  t h e  
c a l o r i m e t e r .
T he a l t e r n a t i v e  m eth o d  f o r  d e t e r m in in g  h e a t s  o f  c o m p le x in g  i n v o l v i n g  
t h e  m e a su r e m e n t  o f  h e a t  o f  r e a c t i o n  o f  s o l i d  c r y p t a n d  222 i n  a s o l u t i o n  o f
For M+ = Na+, K+, Rb+ and Ag+,'no variation of AHC with concentration
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l i t h i u m  s a l t  i n  t h e  s o l v e n t s  DMF a n d  Me2S O ,w as a l s o  i n v e s t i g a t e d  b u t  f a i l e d  
t o  g i v e  a n y  c o n s i s t e n t  r e s u l t s .
I n  PC a n d  A N ,e n t h a l p i e s  o f  c o m p le x in g  f o r  M+ = L i + ,  Na+ ,  K+ , Rb+ , C s+ 
a n d  A g+ w i t h  c r y p t a n d  2 2 2  w e r e  d e t e r m in e d  c a l o r i m e t r i c a l l y  by f i r s t  
m e a s u r in g  t h e  h e a t  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  PC a n d  A N ,a n d  t h e n  
m e a s u r in g  t h e  h e a t  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  a  s o l u t i o n  o f  M+X" i n  
r e s p e c t i v e  s o l v e n t s .
A l l  h e a t s  o f  c o m p le x in g  w e r e  m e a su r e d  a t  a  s e r i e s  o f  s a l t  
c o n c e n t r a t i o n s  a lw a y s  i n  e x c e s s  o f  l i g a n d  c o n c e n t r a t i o n .  T he e n t h a lp y  o f  
c o m p le x in g  o f  l i t h i u m  w i t h  c r y p t a n d  2 2 2  i n  PC w as d e t e r m in e d  by t i t r a t i o n  
c a l o r i m e t r y  a s  so m ew h a t i n c o n s i s t e n t  r e s u l t s  w e r e  o b t a i n e d  by a m p o u le  
m e th o d  w i t h i n  t h e  c o n c e n t r a t i o n  r a n g e  o f  l i t h i u m  s a l t  u s e d .  M e a s u r a b le  
h e a t s  c a n  o n ly  b e  o b t a i n e d  b y  t h e  a m p o u le  m eth o d  w hen  h e a t s  o f  c o m p le x in g  
a r e  c o n s i d e r a b l y  l a r g e  s o  a s  t o  o v e r c o m e  t h e  e n d o th e r m ic  h e a t  o f  s o l u t i o n  
o f  c r y p t a n d  222 i n  t h e s e  s o l v e n t s .
A l l  o b s e r v e d  h e a t s  o f  r e a c t i o n  w e r e  c o r r e c t e d  f o r  h e a t  o f  a m p o u le
b r e a k  i n  r e s p e c t i v e  s o l v e n t ,  t o  o b t a i n  Qc o r r  v a l u e s  g iv e n  i n  t a b l e s  3 .4 1  -
3 . 6 7 .  F o r  M+ = L i + ,  N a + , K+ , Rb+ , C s+  a n d  Ag+ i n  PC a n d  AN c o n p le x
f o r m a t i o n  i s  c o m p le t e  w i t h  n o  v a r i a t i o n  o f  Ah c o b s e r v e d  w i t h  v a r i a t i o n s  o f
o
e l e c t r o l y t e  c o n c e n t r a t i o n .  T h e  AHC v a l u e s  r e p o r t e d  a r e  t h e  a v e r a g e  o f  a t  
l e a s t  f i v e  in d e p e n d e n t  m e a s u r e m e n ts  w i t h  t h e  s t a n d a r d  d e v i a t i o n  o f  AHC 
v a l u e s  fr o m  t h e  m ean g i v e n .  T h e s a l t s  u s e d  t o  p r e p a r e  e l e c t r o l y t e  
s o l u t i o n s  i n  AN a n d  PC w e r e  N a l ,  K I , R b l ,  C s l ,  L iC l0 4 a n d  A g C l0 4 b e c a u s e  
t h e y  se em  t o  b e f u l l y  d i s s o c i a t e d  i n  t h e s e  s o l v e n t s 1 7 4 . C o r r e c t i o n s  f o r  
a s s o c i a t i o n  o f  t h e s e  s a l t s  i n  AN a n d  PC w e r e  t h u s  n o t  r e q u i r e d .
F u r th e r m o r e  c o n d u c t a n c e  m e a s u r e m e n ts  o f  i o d i d e  s a l t  o f  p o t a s s i u m  c r y p t a t e ;  
[K+ 2 2 2 ] I "  i n d i c a t e d  c o m p le t e  d i s s o c i a t i o n  o f  c r y p t a t e  s a l t  in  b o t h  PC a n d  
A N .
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Table 3.41 Enthalpy of complexation of sodium cation and cryptand 222 in
N,N-dimethylformamide at 298 K
N a C l0 4 
c / m o l  dm-3
c r y p t a n d  222 
c /m o l  dm" 3
num ber o f  " Q co rr
m o le s  t i t r a n t
a d d e d  c a l
AHC
c a l  m o l" 1
1 .01 X 1 0 " 1 2 . 8 5 X 1 0 "4 1 .4 3 X 10"5
e
0 . 1 3 6 1 - 9 5 1 8
9 . 2 6 X 10“ 2 1 . 6 3 X 1 0 "3 8 . 3 1 X 1 0 " 6 0 . 8 0 8 0 - 9 7 2 3
9 . 9 2 X 1 0 " 3 1 . 9 3 X 1 0 "3 9 . 8 2 X l o " 6 0 . 9 2 5 9 - 9 4 2 9
9 . 7 0 X 1 0 "3 1 . 5 3 X 1 0 "3 7 . 7 5 X l o " 6 0 . 7 3 4 4 - 9 4 7 6
9 . 7 0 X 1 0 " 3 3 . 7 7 X 1 0 "4 1 . 8 9 X 10"5 0 . 1 8 0 1 - 9 5 2 9
6 . 5 9 X 1 0 " 3 2 . 0 9 X 10"3 1 . 0 7 X 10"4 1 . 0 3 5 2 - 9 6 7 5
6 . 4 0 X 1 0 " 3 1 . 7 5 X 1 0 "3 8 . 8 9 X IQ"6 0 . 8 4 6 7 - 9 5 2 4
v-/
A v e r a g e  v a l u e  AHC = - 9 5 5 3  ±  106 c a l  m o l -1
a  T o t a l  c o n c e n t r a t i o n  N a C l0 4 a f t e r  a d d i t i o n  o f  v o lu m e  o f  t i t r a n t .  I n i t i a l  
v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l 
b T o t a l  c o n c e n t r a t i o n  c r y p t a n d  2 2 2  i n  r e a c t i o n  v e s s e l
c  m o le s  t i t r a n t  a d d e d  t o  c a l o r i m e t r i c  v e s s e l .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f
c r y p t a n d  2 2 2  i n  DMF u s e d  a s  t i t r a n t  =  1 . 0 1  x  10" 1 m ol dm" 3
d C o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  22 2  an d  N a C l0 4 i n  DMF w as
n e g l i g i b l e  i n  m e a su r e m e n ts  
e  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  DMF = 7 . 4 7  x  10 " 2 mo l  dm" 3
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Table 3.42 Enthalpy of complexing of potassium cation and cryptand 222 at
298 K in N ,171-dime thy If ormamide
KC104 
c / m o l  dm” 3
c r y p t a n d  222 
c / m o l  dm” 3
“ Q c o r r
c a l
A H C
c a l  m o l” 1
1.00 X 10” 1 7 . 0 8 X 10“ 4 0 . 1 6 6 6 - 1 2 , 9 6 9
9 . 9 6 X 10” 2 1 . 5 9 X 1 0 " 3 0 . 3 7 7 4 - 1 3 , 0 1 0
1 . 0 6 X 1 0 " 2 8 . 8 1 X 10” 4 0 . 2 1 0 4 - 1 3 , 0 3 9
1 . 0 6 X 10” 2 1 . 0 8 X 10“ 3 0 . 2 6 3 1 - 1 3 , 1 3 5
5 . 6 2 X 10” 3 8 . 6 1 X 10“ 4 0 . 2 0 0 8 - 1 2 , 9 2 7
5 . 6 2 X 10- 3 7 . 1 8 X 1 0 " 4 0 . 1 7 4 6 - 1 3 , 1 2 6
0 . 1A v e r a g e  v a l u e  AHC = - 1 3 , 0 3 4  ±  84 c a l  m o l ” 1
a  T o t a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  e ir p ty  a m p o u le s  = + 0 . 0 0 5 4  c a l
o
c  E n th a lp y  o f  c o m p le x in g  o f  KCIO4 a n d  [ 2 2 2 ]  u s i n g  Hg 222  i n
N ,N -d im e th y I fo r m a m id e  8 2 6 3  c a l  m o l” 1 ( t a b l e  3 . 8 3 )
6  C o m p le x  f o r m a t io n  i s  c o m p le t e ;  n o  v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
o
e l e c t r o l y t e  s o l u t i o n  o b s e r v e d .  A v e r a g e  v a l u e  AHC g iv e n
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Table 3.43 Enthalpy of complexation of rubidium cation and cryptand 222 in
N,N-dimethylformamide at 298 K
R bl
c / m o l  dm" 3
c r y p t a n d  222 
c /m o l  dm" 3
m o le s
t i t r a n t
a d d ed
" Q corr
c a l
AH,
c a l  m o l" 1
1 .0 8 X 1 0 "2 1 . 0 9 X 1 0 " 3 5 . 5 3 X 10"5 0 . 7 2 1 5 - 1 3 , 0 4 7
9 . 7 1 X 1 0 "3 1 . 6 4 X 10” 3 8 . 4 7 X 1 0 "5 1 . 1 3 3 5 - 1 3 , 3 8 3
9 . 7 1 X 1 0 "3 1 . 8 3 X 1 0 " 3 9 . 4 6 X 1 0 "5 1 . 2 5 6 9 - 1 3 , 3 8 7
4 . 7 0 X 10"3 1 . 0 4 X 1 0 " 3 5 . 2 9 X 1 0 "5 0 . 6 9 7 7 - 1 3 , 1 8 9
4 . 6 7 X 1 0 "3 1 . 6 9 X 1 0 "3 8 . 7 2 X 1 0 "5 1 . 1 5 7 9 - 1 3 , 2 7 9
A v e r a g e  v a l u e  AH„ = - 1 3 , 2 3 7  ± 127  c a l m o l " 1
a  M o le s  t i t r a n t  a d d e d  t o  c a l o r i m e t r i c  v e s s e l  c o n t a i n i n g  i n i t i a l  v o lu m e  o f  
e l e c t r o l y t e  s o l u t i o n  = 5 0 . 0  m l. C o n c e n t r a t io n  o f  s o l u t i o n  o f  
c r y p t a n d  2 2 2  i n  DMF u s e d  a s  t i t r a n t  = 5 . 2 8  x  10 " 2 m ol dm" 3 
b  H e a t  o f  d i l u t i o n  o f  l i g a n d  2 2 2  a n d  R b l i n  DMF i s  n e g l i g i b l e .  No 
c o r r e c t i o n  f o r  Q a p p l i e d  
c  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  DMF u s e d  a s  t i t r a n t  
= 7 . 3 7  x  10 " 2 m o l dm" 3 
d F o r  M+ = R b+, C o m p lex  f o r m a t i o n  i s  c o m p le t e  a n d  n o  v a r i a t i o n  w i t h  
c o n c e n t r a t i o n  o f  R b l o b s e r v e d
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Table 3.44 Enthalpy of complexation of caesium cation and cryptand 222 in
N/N-dimethyIformamide at 298 K
C s l
c / m o l  dm” 3
c r y p t a n d  222 
c /m o l  dm" 3
% c o m p le x a t io n “Q c o rr
c a l
AHC
c a l  m o l" 1
5 . 1 3 X 1 0 " 2 2 . 3 2 X 1 0 "3 8 6 . 3 0 . 2 3 4 0 - 6 2 4 6
5 . 1 3 x 1 0 "2 2 . 1 6 X 10"3 8 6 .2 0 . 1 9 6 1 - 6 4 4 7
5 . 1 3 x 1 0 "2 3 . 9 0 X 1 0 "3 8 5 . 8 0 . 3 6 8 1 - 6 3 7 5
2 . 5 0 X 1 0 "2 3 . 9 1 X 1 0 "3 7 3 . 6 0 . 5 5 4 8 - 5 4 2 5
9 . 2 0 X 1 0 "3 2 . 9 4 X 10~3 4 9 . 3 0 . 6 7 1 4 - 3 6 9 6
> e .
E x t r a p o l a t e d  v a l u e  AHC = -7 4 0 0  ±  100  c a l  m ol -1
a T o t a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  ml
b  P e r c e n t a g e  c o m p le x in g  w as c a l c u l a t e d  fr o m  known v a l u e s  o f  t h e  s t a b i l i t y
c o n s t a n t  o f  C s+ a n d  c r y p t a n d  2 2 2  i n  DMF a s  g iv e n  i n  r e f .  118  a n d  fr o m  t h e
m o la r  c o n c e n t r a t i o n  o f  C s l  a n d  c r y p t a n d  22 2  g iv e n  i n  t h i s  t a b l e
c  C o r r e c t i o n  f o r  t h e  h e a t  o f  b r e a k in g  em p ty a m p o u le s  -  + 0 . 0 0 5 4  c a l  
.  o
a  E n t h a lp y  o f  c o m p le x in g  o f  C s l  an d  2 2 2  u s i n g  /AHS [ 2 2 2 ]  i n  DMF = 8 2 6 3  c a l
m o l" 1 ( t a b l e  3 . 8 3 )  
o
e  AHC v a l u e  e x t r a p o l a t e d  a t  100% c o m p le x a t io n  fr o m  a  p l o t  o f  AHC v e r s u s  
% c o m p le x a t io n
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Table 3.45 Enthalpy of complexation of silver cation and cryptand 222 in
N ,N-dimethylf ormamide at 298 K.
AgC 10
4
c r y p t a n d  222
a
m o le s  t i t r a n t
c
" Q co r r AHC
c / m o l  dm" 3 c / m o l  dm" 3 a d d ed c a l c a lm o l"
1 .2 8  x 10"2 1 . 5 8  x  1 0 ~3 8.20  x  1 0 "5 1 . 2 6 7 1 - 1 5 , 4 5 2
6 . 9 5  x 1 0 " 3 9 . 2 6  x  1 0 " 4 4 . 7 3  x  10" 5 0 . 7 4 5 2 - 1 5 , 7 5 5
6 . 9 3  x 10"3 1 . 0 5  x  1 0 " 3 5 . 3 5  x  1 0 " 5 0 . 8 3 7 2 - 1 5 , 6 4 9
2 .6 6  x 1 0 " 3 6 . 5 0  x  1 0 " 4 3 . 3 0  x  10" 5 0 . 5 2 3 6 - 1 5 , 8 6 7
1 . 0 9  x 1 0 "3 1 . 4 3  x  10" 3 7 . 4 0  x  10- 5 1 . 1 6 0 2 - 1 5 , 6 7 8
A v e r a g e  v a l u e
o c
AHC = - 1 5 , 6 8 0  ±  153 c a l  m o l " 1
a  M o le s  t i t r a n t  a d d e d  t o  r e a c t i o n  v e s s e l  c o n t a i n i n g  i n i t i a l  v o lu m e
e l e c t r o l y t e  s o l u t i o n  i n  DMF = 5 0 . 0  m l.  C o n c e n t r a t i o n  o f  s o l u t i o n  o f
c r y p t a n d  2 2 2  i n  DMF u s e d  a s  t i t r a n t  =  4 . 3 4  x  1 0 " 2 m ol dm” 3
b  H e a t  e f f e c t  f o r  d i l u t i o n  o f  c r y p t a n d  2 2 2  a n d  A g C l0 4 i n
N ,N - d im e t h y lfo r m a m id e  w a s n e g l i g i b l e ;  no c o r r e c t i o n  f o r  Q v a lu e  r e q u i r e d
c  C o m p lex  f o r m a t i o n  i s  c o m p le t e ;  n o  v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
o
A g C l0 4 c o n c e n t r a t i o n  o b s e r v e d .  A v e r a g e  v a lu e  f o r  AHC g iv e n
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Table 3.46 Enthalpy of complexation of sodium cation and cryptand 222 in
dimethylsulphoxide at 298 K
a b c d
N a C l04 c r y p t a n d  222 m o le s  t i t r a n t "2 c o r r AHC
c / m o l  dm" 3 c /m o l  dm" 3 a d d e d c a l c a l  mol"
4 . 4 1  x 10"3 9 . 8 4  x  10" 4 5 . 0 2  x  1 0 " 5 0 . 5 3 5 0 - 1 0 , 6 5 7
4 . 4 1  x 1 0 "3 9 . 2 4  x  10 " 4 4 . 7 1  x  10 " 5 0 . 5 0 3 2 - 1 0 , 6 8 4
9 . 4 0  x 10-4 8 . 9 5  x  1 0 " 4 4 . 5 6  x  1 0 " 5 0 . 4 9 5 7 - 1 0 , 8 7 1
9 . 4 0  x 10~4 7 . 2 6  x  10" 4 3 . 6 9  x  10" 5 0 . 3 9 6 6 - 1 0 , 7 4 8
7 . 3 2  x 10~4 4 . 6 2  x  10" 4 2 . 3 3  x  1 0 " 5
o e
0 . 2 4 1 5 - 1 0 , 3 6 5
A v e r a g e  v a l u e  AHC = - 1 0 , 6 6 5  ± 187 c a l  mo l " 1
a  F i n a l  c o n c e n t r a t i o n  o f  e l e c t r o l y t e  a f t e r  a d d i t i o n  o f  v o lu m e  o f  t i t r a n t .
I n i t i a l  v o lu m e  o f  e l e c t r o l y t e  s o l u t i o n  i n  c a l o r i m e t r i c  v e s s e l  =  5 0 . 0  m l. 
b  T o t a l  c o n c e n t r a t i o n  o f  c r y p t a n d  222  i n  r e a c t i o n  v e s s e l .
c  M o le s  t i t r a n t  a d d e d  t o  c a l o r i m e t r i c  v e s s e l  c o n t a i n i n g  5 0 . 0  ml e l e c t r o l y t e  
s o l u t i o n  i n  Me2SO. C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  Me2S 0  
u s e d  a s  t i t r a n t  =  4 . 9 1  x  1 0" 2 m o l dm" 3 
d C o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  222  a n d  N a C l0 4 i n  Me2S0 w e r e  
n e g l i g i b l e  i n  m e a s u r e m e n ts  
e  C o m p le x  f o r m a t i o n  i s  c o m p le t e ,  n o  v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  
e l e c t r o l y t e  c o n c e n t r a t i o n  o b s e r v e d
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Table 3.47 Enthalpy of complexation of potassium cation and cryptand 2 22 in
dimethylsulphoxide at 298 K
KC104 c r y p t a n d  222
a
m o le s  t i t r a n t
b
“ Q c o rr AHC
c / m o l  dm-3 c / m o l  dm” 3 a d d e d c a l c a l  m ol
1 . 0 8  x 1 0 " 2 8 . 6 9  x 10” 4 4 . 4 3  x 10” 5 0 . 6 4 3 6 - 1 4 , 5 2 8
1 . 0 8  x 10” 2 8 . 4 4  x 1 0 " 4 4 . 3 0  x 10” 5 0 . 6 2 0 1 - 1 4 , 4 2 1
3 . 1 0  x 10~3 8 . 1 3  x 10” 4 4 . 1 4  x 10” 5 0 . 6 1 1 7 - 1 4 , 7 7 5
3 . 1 0  x 10” 3 8 . 6 4  x 1 0 - 4 4 . 4 0  x 1 0 " 5 0 . 6 5 6 4 - 1 4 , 9 1 8
2 .2 1  x 10” 3 1.0 0  x 10” 3 5 . 1 1  x 10” 5 0 . 7 4 3 8 - 1 4 , 5 5 6
2 .2 1  x 10” 3 1 . 3 9  x 10” 3 7 . 1 6  x 10” 5 1 . 0 3 9 9 - 1 4 , 5 2 4
A v e r a g e v a l u e
o c
AHC =  - 1 4 , 6 2 0  ± 187 c a l  m o l ” 1
a  M o le s  t i t r a n t  a d d e d  t o  c a l o r i m e t r i c  v e s s e l  c o n t a i n i n g  i n i t a l  v o lu m e
e l e c t r o l y t e  s o l u t i o n  i n  Me2 SO = 5 0 . 0  m l.  C o n c e n t r a t i o n  o f  s o l u t i o n  o f
c r y p t a n d  2 2 2  i n  Me2 SO u s e d  a s  t i t r a n t  = 4 . 5 6  x  1 0 ” 2 m ol dm” 3
b  C o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  222  a n d  KC104 i n
d im e t h y l s u l p h o x i d e  w e r e  n e g l i g i b l e  i n  m e a su r e m e n ts
c  N o v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  i n  c o n c e n t r a t i o n  o f  KC104 o b s e r v e d .
o
A v e r a g e  v a lu e  f o r  AHC g i v e n .
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Table 3.48 Enthalpy of complexation of rubidium cation and cryptand 222 in
dimethylsulphoxide at 298 K
R b l
c / m o l  dm-3
c r y p t a n d  222 
c /m o l  dm" 3
m o le s  t i t r a n t  
a d d ed
d
- Q c o r r
c a l
AHC
c a l  m o l" 1
6 . 4 9 X 1 0 " 3 3 . 7 9 X 1 0 " 4 1 . 9 3 X 1 0 - 5 0 . 2 7 6 1 - 1 4 , 3 0 6
1 . 6 0 X 1 0 " 3 7 . 4 1 X 1 0 " 4 3 . 7 7 X 1 0 " 5 0 . 5 2 6 7 - 1 3 , 9 7 1
1 . 6 0 X 1 0 " 3 8 . 6 7 X 1 0 " 4 4 . 4 2 X 1 0 " 5
d
0 . 6 2 2 6 - 1 4 , 0 8 6
3 . 5 5 X 1 0 " 4 2 . 9 4 X 1 0 " 4 1 . 4 9 X 1 0 " 5
d
0 . 2 1 1 5 - 1 4 , 1 9 5
3 . 5 5 X 1 0 " 4 2 . 5 0 X 1 0 " 4 1 . 2 7 X 1 0 “ 5 0 . 1 7 9 4 - 1 4 , 1 2 6
A v e r a g e v a l u e
o c  
AHC = - 1 4 , 1 3 7  ± 1 2 5  c a l  m o l" 1
a M o le s  o f  t i t r a n t  a d d e d  t o  r e a c t i o n  v e s s e l  c o n t a i n i n g  e l e c t r o l y t e  s o l u t i o n
( 5 0 . 0  m l ) .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  Me2S0 u s e d  a s
t i t r a n t  =  4 . 2 7  x  1 0" 2 m o l dm"3 .
b  No c o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  2 2 2  a n d  R b l i n
d i m e t h y l s u l p h o x i d e  a p p l i e d  a s  f o u n d  t o  b e  n e g l i g i b l e .
c  C o m p lex  f o r m a t io n  i s  c o m p le t e .  N o v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  R b l
o
c o n c e n t r a t i o n  o b s e r v e d .  A v e r a g e  v a l u e  f o r  AHC g iv e n  
d I n i t i a l  v o lu m e  o f  e l e c t r o l y t e  s o l u t i o n  i n  c a l o r i m e t r i c  r e a c t i o n  v e s s e l  =
5 0 . 0  m l .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  Me2 SO u s e d  a s  
t i t r a n t  =  2 . 2 8  x  1 0 "2 mo l  dm” 3
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Table 3.49 Enthalpy of complexation of caesium cation and cryptand 222 in
dimethylsulphoxide at 298 K
C sl
c / m o l  dm- 3
c r y p t a n d  222 
c /m o l  dm" 3
m o le s
t i t r a n t
a d d e d
%
c o m p le x -
a t i o n b
"2 c o r r
c a l
AH,
c a l  m o l" 1
8 . 3 7 X 1 0 "2 1 . 3 9 X 1 0 "3 7 . 0 7 X 1 0 - 5 d
d
67 0 . 4 0 6 6 - 5 7 5 1
1 . 9 7 X 10"2 9 . 7 6 X 10"4 4 . 9 5 X 10"5
d
33 0 . 1 4 2 8 - 2 8 8 5
1 . 9 6 X 1 0 "2 1 . 4 3 X 1 0 "3 7 . 3 0 X 1 0 "5
e
3 2 . 5 0 . 1 9 4 0 - 2 6 5 8
4 . 0 3 X 1 0 "3 4 . 6 3 X 1 0 "4 2 . 3 6 X 10"5
e
9 0.0201 - 8 5 2
4 . 0 3 X 1 0 "3 4 . 5 9 X 1 0"4 2 . 3 4 X 1 0 "5 11 0 . 0 1 8 7 - 8 0 0
E x t r a p o l a t e d  v a l u e  AHC = - 8 5 0 0  ±  40 c a l  m o l " 1
a I n i t i a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0 m l .  
b P e r c e n t a g e  c o m p le x in g  w as c a l c u l a t e d  fro m  known v a l u e s  o f  t h e  s t a b i l i t y  
c o n s t a n t s  o f  [C s+ 2 22] c r y p t a t e  i n  Me2S 0  a s  g iv e n  i n  r e f .  118 an d  fr o m  t h e  
m o la r  c o n c e n t r a t i o n s  o f  C s l  an d  c r y p t a n d  22 2  g iv e n  i n  t h i s  t a b l e  
c  C o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  222  a n d  C s l  i n  Me2S0  
d e t e r m in e d  e x p e r i m e n t a l l y  w a s n e g l i g i b l e  
d C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  222 i n  Me2S0 u s e d  a s  t i t r a n t  
= 7 . 1 0  x  10" 2 m ol dm" 3 
e  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  Me2 SO u s e d  a s  t i t r a n t  
= 2 . 4 5  x  10" 2 m ol dm" 3 
f  AHC v a lu e  e x t r a p o l a t e d  a t  100% c o m p le x a t io n  fro m  a  p l o t  o f  AHC v e r s u s  
% c o m p le x in g
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Table 3.50 Enthalpy of complexation of silver cation and cryptand 222 in
dimethylsulphoxide at 298 K
A g C l0 4 
c / m o l  dm-3
1 . 3 2  x  10“ 2
1 . 3 2  x  1 0 ~2
5 . 5 3  x  1 0 ” 3 
5 . 3 6  x  1 0 " 3
1 . 9 2  x  10” 3
1 . 9 2  x  10“ 3
c r y p t a n d  222 
c / m o l  dm- 3
9 . 7 7  x  10“ 4
9 . 9 3  x  10” 4
4 . 0 5  x  10 ~4
1 . 3 4  x  10” 3 
6 . 5 8  x  10 ” 4 
7 . 1 2  x  10 ~4
m o le s  t i t r a n t  
a d d e d
c
5 . 1 0  x  10 “ 5
c
5 . 1 8  x  10” 5
2 . 0 5  x  10” 5
7 . 0 0  x  10~5
d
3 . 4 3  x  10" 5
d
3 . 7 2  x  10 “ 5
”£ c o r r
c a l
0 . 6 2 2 2
0 . 6 3 8 7
0 . 2 5 3 8
0 . 8 7 8 5
0 . 4 1 6 6
0 . 4 5 1 5
AHC
c a l  m o l ” 1
-1 2 ,2 0 0
- 1 2 , 3 3 0
- 1 2 , 3 8 0
- 1 2 , 5 5 0
- 1 2 , 1 4 6
- 1 2 , 1 3 7
A v e r a g e  v a l u e  AHr  = - 1 2 , 2 9 1  ±  161 c a l  m o l ” 1
a M o le s  t i t r a n t  a d d e d  t o  c a l o r i m e t r i c  v e s s e l  c o n t a i n i n g  i n i t a l  v o lu m e  o f  
e l e c t r o l y t e  s o l u t i o n  = 5 0 . 0  m l .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  
c r y p t a n d  22 2  i n  Me2 SO u s e d  a s  t i t r a n t  =  3 . 1 2  x  1 0 ” 2 m o l dm- 3  
b  No c o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  2 2 2  a n d  A g C l0 4 a p p l i e d  a s  
fo u n d  n e g l i g i b l e
c  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  Me2 SO u s e d  a s  t i t r a n t  =
2 . 3 5  x  1 0 “ 2 m ol dm- 3
A C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  22 2  i n  Me2 SO u s e d  a s  t i t r a n t  =
1 . 6 3  x  10 ” 2 m ol dm” 3
e  No v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  c o n c e n t r a t i o n  o f  A g C l0 4 o b s e r v e d .
o
C o m p lex  f o r m a t io n  i s  c o m p le t e  an d  a v e r a g e  v a l u e  o f  AHC i s  g i v e n .
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Table 3.51 Enthalpy of complexation of lithium cation and cryptand 222 in
propylene carbonate at 298 K
L iC 104 
c / m o l  dm- 3
5 . 4 3  x  10 " 2
5 . 4 3  x  10" 2
1 . 0 8  x  10"2
1 . 0 8  x  10“ 2
7 . 6 5  x  10 " 3
c r y p t a n d  222 
c /m o l  dm" 3
1 .6 6  x  1 0 "4 
2 . 4 1  x  1 0 " 4 
1 . 9 8  x  1 0 " 3 
8 . 6 2  x  10"4 
1 . 4 8  x  1 0 " 3
m o le s  t i t r a n t  
a d d e d
1.0 2  x  1 0"4
c
4 . 3 8  x  10" 5 
7 . 5 6  x  10“ 5
" Q corr
c a l
0 . 0 4 3 4 d 
0 . 0 5 4 7 d  
0 . 8 8 5 9  
0 . 3 7 8 1  
0 . 6 5 9 8
AHC
c a l  m o l " 1
- 8 7 5 0 e  
- 8 6 8 1 e  
- 8 6 8 5  
- 8 6 3 2  
- 8 7 2 8
o
A v e r a g e  v a lu e  £ H C =  - 8 6 9 5  ± 46  c a l  m o l" 1
a  M o le s  o f  t i t r a n t  a d d e d  t o  i n i t i a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n
v e s s e l  ( 5 0 . 0  m l ) .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  PC u s e d
a s  t i t r a n t  = 6 . 9 7  x  10 " 2 m o l dm- 3
b  C o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  22 2  a n d  L iC 1 0 4 i n  p r o p y le n e
c a r b o n a t e  w as n e g l i g i b l e  i n  m e a su r e m e n ts
c  C o n c e n t r a t i o n  o f  c r y p t a n d  2 2 2  s o l u t i o n  i n  PC u s e d  a s  t i t r a n t
=  5 . 3 8  x  10 " 2 m o l dm" 3
d C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  PC = - 0 . 0 0 5 8 8  c a l s .
T o t a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
e  E n t h a lp y  o f  c o m p le x in g  o f  L i C l 0 4 an d  [ 2 2 2 ]  o b t a i n e d  u s i n g  AH° 2 2 2  i n
PC =  8 227  c a l  m o l" 1 ( t a b l e  3 . 8 5 )
f  C o m p le x  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
c o n c e n t r a t i o n  o f  L i C l 0 4 o b s e r v e d  i s  w i t h i n  t h e  e x p e r im e n t a l  e r r o r .
oAverage value for AHC given.
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Table 3.52 Enthalpy of conplexation of sodium cation and cryptand 222 in
propylene carbonate at 298 K
N al
c / m o l  dm" 3
5 . 2 3  x  10 " 2
5 . 2 3  x  10 " 2
1 . 1 9  x  10 " 2
1 . 9 5  x  10" 3
1 . 9 5  x  1 0 " 3
c r y p t a n d  222 
c / m o l  dm" 3
2 . 3 1  x  1 0 " 3
2 .2 0  x  1 0 "3
1 . 6 7  x  10 " 3 
1 . 4 0  x  1 0 " 3
1 . 5 4  x  1 0 " 3
" Q co r r  
c a l
0 . 8 3 9 6  
0 . 7 7 6 5  
0 . 5 8 3 6  
0 . 4 8 6 7  
0 . 5 5 0 2
b
AHC
c a l  m o l " 1
- 1 5 , 4 9 6  
- 1 5 , 2 8 6  
- 1 5 , 2 1 7  
- 1 5 , 1 8 0  
- 1 5 , 3 7 3
A v e r a g e  v a l u e  AH =  - 1 5 , 3 1 0  ± 127 c a l  m o l " 1
a T o t a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l 
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  p r o p y le n e  c a r b o n a t e  
= - 0 . 0 0 5 8 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  N a l  a n d  [ 2 2 2 ]  u s i n g  AHS 222  i n  PC = 8 2 2 7  c a l  
m o l" 1 ( t a b l e  3 . 8 5 )
d C om p lex  f o r m a t io n  i s  c o m p le t e  w i t h  no v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
oNal concentration observed. Average value for AHC given.
p r o p y le n e  c a r b o n a t e  a t  2 9 8  K
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Table 3.53 Enthalpy of complexation of potassium cation and cryptand 2 22 in
Kl
c / m o l  dm” 3
c r y p t a n d  222 
c / m o l  dm” 3
”& c o r r
c a l
AH,
c a l  m o l” 1
3 . 7 7 X 1 0"2 2 . 2 3 X 10” 3 1 . 0 2 1 8 - 1 7 , 1 6 5
3 . 7 7 X 1 0 "2 2 . 8 3 X 10” 3 1 . 2 6 5 1 - 1 7 , 1 7 0
3 . 0 2 X 1 0 "2 3 . 4 4 X 10"3 1 . 5 5 4 8 - 1 7 , 2 7 9
3 . 0 2 X 10” 2 1 .10 X 1 0 "3 0 . 4 8 7 5 - 1 7 , 0 6 9
7 . 5 3 X 10~3 2 .8 6 X 10“ 3 1 . 2 5 2 9 - 1 6 , 9 8 9
7 . 5 3 X 1 0 "3 1 . 3 2 X 1 0 "3 0 . 5 9 6 3 - 1 7 , 2 5 0
1 . 9 1 X 10“ 3 9 . 5 0 X 1 0 "4 0 . 4 1 7 2 - 1 7 , 0 2 3
A v e r a g e  v a l u e  AH„ =  - 1 7 , 1 8 3  ± 111 c a l  m o l " 1
a  T o t a l  v o lu m e  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  ml  
b C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  p r o p y le n e  c a r b o n a t e  
=  - 0 . 0 0 5 8 8  c a l
_ o
c  E n t h a lp y  o f  c o m p le x in g  o f  KI a n d  2 2 2  i n  p r o p y le n e  c a r b o n a t e  u s i n g  AHS
[ 2 2 2 ]  i n  PC =  8 2 2 7  c a l  m o l” 1 ( t a b l e  3 . 8 5 )
d C o m p le te  c o u p  l e x  f o r m a t io n ;  n o  v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  KI
oconcentration observed. Average value AHC given.
p r o p y l e n e  c a r b o n a t e  a t  2 9 8  K
193
Table 3.54 Enthalpy of conplexation of rubidium cation and cryptand 222 in
R bl
c / m o l  dm- 3
c r y p t a n d  222 
c /m o l  dm- 3
“2 COr r
c a l
AHC
c a l  m o l" 1
9 . 7 3 X 1 0 "3 2 . 7 2 X 1 0 "3 1 . 0 9 3 6 - 1 6 , 2 8 5
9 . 7 3 X 10"3 2 . 1 1 X 1 0 "3 0 . 8 1 0 3 - 1 6 , 3 5 4
3 . 8 6 X 10"3 2.20 X 1 0 "3 0 . 8 9 0 8 - 1 6 , 3 2 5
3 . 8 6 X 10” 3 2 . 2 8 X 1 0 "3 0 . 9 2 5 0 - 1 6 , 3 4 4
1 . 9 1 X 1 0 "3 1 . 7 9 X 1 0 "3 0 . 7 1 6 8 - 1 6 , 2 5 0
1 . 9 1 X 1 0 "3 9 . 4 1 X 1 0 "3 0 . 3 9 8 5 - 1 6 , 2 5 4
A v e r a g e  v a l u e  AH = - 1 6 , 3 0 2  ± 45  c a l  m o l " 1
a V olu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l 
b C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  p r o p y le n e  c a r b o n a t e  
= - 0 . 0 0 5 8 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  R b l a n d  2 2 2  i n  PC u s i n g  AHS [2 2 2]  =  8 2 2 7  c a l
m o l" 1 ( t a b l e  3 . 8 5 )
d  C om p lex  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
concentration of Rbl observed is within experimental error. Average
ovalue AH c given.
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Table 3.55 Enthalpy of complexation of caesium cation and cryptand 222 in
propylene carbonate at 298 K
C sl
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
" Q co r r
c a l
A H C
c a l  m ol" 1
2 .31 X 10”2 2 .1 0 X 10"3 0.1672 -9827
2 .31 X 10"2 2 .27 X 10” 3 0.1789 -9815
1 .25 X 10"2 2 .13 X 10"3 0.1715 -9847
1.25 X 10"2 2 .0 3 X 10"3 0.1637 -9850
5 .10 X 10"3 1.97 X 10” 3 0.1622 -9883
5 .10 X 10"3 2.01 X 10"3 0.1705 -9934
o .
A v e r a g e  v a l u e  AHC = - 9 8 5 9  ±  43  c a l  m o l" 1
a  V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  PC =  - 0 . 0 0 5 8 8  c a l  
_ o
c  E n t h a lp y  o f  c o i r p le x i n g  o f  C s l  a n d  2 2 2  i n  PC u s i n g  AHg [ 2 2 2 ]  i n  PC =  8 2 3 7
c a l  m o l" 1 ( t a b l e  3 . 8 5 )
d  C o m p le x  f o r m a t i o n  i s  c o m p le t e ;  n o v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
oconcentration of Csl observed. Average value AHC given.
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Table 3.56 Enthalpy of complexation of silver cation and cryptand 222 in
propylene carbonate at 298 K
AgCl04 
c / m o l  dm" 3
c r y p t a n d  222 
c /m o l  dm" 3
" Q co r r
c a l
AH C
c a l  m o l" 1
5 . 1 1 X 1 0 "3 2 . 7 3 X 10"3 2 . 0 2 3 9 - 2 3 , 0 7 6
4 . 9 3 X 1 0 "3 1 . 5 9 X 10"3 1 . 1 9 3 6 - 2 3 , 2 2 6
2 . 5 5 X 10"3 1 . 0 8 X 10"3 0 . 7 9 3 5 - 2 2 , 8 8 9
1 . 2 8 X 1 0 "3 6 . 7 0 X 10"4 0 . 5 2 8 4 - 2 3 , 4 0 1
8 . 7 1 X 10"4 5 . 6 8 X 10"4 0 . 4 2 3 6 - 2 3 , 1 5 0
A v e r a g e  v a l u e  AH = - 2 3 , 1 4 8  ±  189 c a l  m o l " 1
a  V olu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l 
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  p r o p y le n e  c a r b o n a t e  
= - 0 . 0 0 5 8 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  A g 3 l0 4 an d  222  i n  PC u s i n g  AHg [2 2 2 ] =  8 2 3 7  c a l
m o l" 1 ( t a b l e  3 . 8 5 )
d  C o m p lex  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
concentration of AgCl04 observed is within experimental error. Average
ovalue AHC given.
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Table 3.57 Enthalpy of complexation of lithium cation and cryptand 222 in
acetonitrile at 298 K
L iC l0 4 
c / m o l  dm- 3
c r y p t a n d  222 
c / m o l  dm” 3
Q c o r r
c a l
AH,
c a l  m o l” 1
2 . 1 8 X 10"2 2 . 6 9 X 1 0 "3 0 . 0 8 2 3 - 7 2 6 8
2 . 1 8 X 1 0 "2 3 . 1 8 X 10"3 0 . 1 1 4 8 - 7 1 5 8
8 . 9 1 X 1 0 "3 1 . 4 7 X 1 0 "3 0 . 0 6 4 0 - 7 0 1 0
8 . 9 1 X 10"3 2 . 4 0 X 10” 3 0 . 1 0 6 4 - 6 9 9 3
4 . 5 0 X 10~3 2 . 6 5 X 10~3 0 . 0 9 1 2 ' - 7 1 9 2
°  « 
A v e r a g e  v a l u e  AHC = - 7 1 2 4  ± 1 1 9  c a l  m o l ” 1
a V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 3 0 3 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  L i C l 0 4 an d  22 2  u s i n g  AHg [ 2 2 2 ]  =  7 8 8 0  c a l  m o l" 1 
( t a b l e  3 . 8 4 )
d  C o m p lex  f o r m a t i o n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  
c o n c e n t r a t i o n  o f  L i C l 0 4 o b s e r v e d  i s  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r ,  
oAverage value AHC given.
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Table 3.58 Enthalpy of complexation of sodium cation and cryptand 222 in
acetonitrile at 298 K
N a C l0 4 
c / m o l  dm” 3
c r y p t a n d  222 x  1 0 " 3 
c / m o l  dm" 3
” 2 c o r r
c a l
A H c
c a l  m o l" 1
3 . 8 3 X 1 0 "2 2 . 3 9 X 1 0 "3 0 . 8 2 4 8 - 1 4 , 7 7 7
3 . 8 3 X 10"2 2.0 1 X 1 0"3 0 . 6 7 6 6 - 1 4 , 5 0 5
1 . 0 5 X 1 0 "2 1 . 6 5 X 1 0 "3 0 . 5 6 0 1 - 1 4 , 6 9 2
1 . 0 5 X 10"2 1 . 6 5 X 1 0 "3 0 . 5 6 0 1 - 1 4 , 5 5 5
3 . 1 0 X 1 0 "3 1 . 3 8 X 1 0 "3 0 . 4 6 4 5  - - 1 4 , 5 0 1
3 . 1 0 X 10” 3 1 . 3 8 X 1 0 "3 0 . 4 4 8 7 - 1 4 , 3 8 3
A v e r a g e  v a l u e  AHn = - 1 4 , 5 6 9  ±  143  c a l  m o l -1
a  V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 3 0 3 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  N a l an d  222  i n  AN u s i n g  AHg [2 22 ]  =  7 8 8 0
c a l  m o l" 1 ( t a b l e  3 . 8 4 )
d C o m p le x  f o r m a t i o n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
concentration of Nal observed is within experimental error. Average
ovalue for AHC given.
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Table 3.59 Enthalpy of complexation of potassium cation and cryptand 222 in
acetonitrile at 298 K
KI
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
"Qcorr
c a l
AH c
c a l  m o l-1
8 . 3 1 X 10“ 3 2 . 7 3 X 1 0 "3 1.2220 - 1 6 , 8 2 6
8 . 3 1 X 10“ 3 2 . 7 2 X 10"3 1 . 2 6 2 7 - 1 7 , 1 6 8
6 . 3 0 X 1 0 "3 1 . 9 2 X 10“ 3 0 . 8 8 5 7 - 1 7 , 1 0 6
6 . 3 0 X 10~3 1 . 3 9 X 10"3 0 . 6 2 4 3 - 1 6 , 8 6 3
3 . 5 7 X 10“ 3 1.86 X 1 0 "3 0 . 8 5 3 9 - 1 7 , 0 7 1
3 . 5 7 X 10“ 3 1 . 8 1 X 1 0 "3 0 . 8 4 5 6 - 1 7 , 2 2 4
A v e r a g e  v a l u e  A H C -  - 1 7 , 0 4 3  ± 163 c a l  m o l " 1
a  V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l 
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  a c e t o n i t r i l e  =  
+ 0 . 0 3 0 3 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  KI an d  2 2 2  u s i n g  AHg [ 2 2 2 ]  i n  a c e t o n i t r i l e
= 7 8 8 0  c a l  m o l-1  ( t a b l e  3 . 8 4 )
d  C o m p le x  f o r m a t i o n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
concentration of KI observed is within the experimental error. Average
ovalue for AHC given.
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Table 3.60 Enthalpy of complexation of rubidium cation and cryptand 222 in
acetonitrile at 298 K
R b l
c / m o l  dm- 3
c r y p t a n d  222 
c / m o l  dm" 3
" Q co rr
c a l
A hc
c a l  m o l" 1
2 .6 8 X 1 0 "2 2 . 1 5 X 1 0 "3 0 . 9 4 8 4 - 1 6 , 7 0 2
2 .6 8 X 1 0 "2 2.20 X 1 0 "3 1 . 0 1 1 3 - - 1 7 , 0 7 4
1 . 0 7 X 10~2 2 . 3 7 X 1 0 "3 1 . 0 7 4 1 - 1 6 , 9 4 4
5 . 7 0 X 1 0 "3 1 . 7 7 X 10~3 0 . 7 6 4 5 - 1 6 , 5 1 8
5 . 7 0 X 10~3 1 .88 X 10“ 3 0 . 8 2 7 9 - 1 6 , 6 8 7
A v e r a g e  v a l u e  AH„ =  - 1 6 , 7 8 1  ± 222  c a l  m o l " 1
a  V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 3 0 3 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  R b l an d  2 2 2  u s i n g  AHS [ 2 2 2 ]  i n  a c e t o n i t r i l e  
=  7 8 8 0  c a l  m o l" 1 ( t a b l e  3 . 8 4 )  
d C o m p le x  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f  
c o n c e n t r a t i o n  o f  R b l o b s e r v e d  i s  w i t h i n  e x p e r im e n t a l  e r r o r .  A v e r a g e  
ovalue AHC given.
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Table 3.61 Enthalpy of complexation of caesium cation and cryptand 222 in
acetonitrile at 298 K
C s l
c / m o l  dm- 3
c r y p t a n d  222 
c / m o l  dm" 3
" Q co r r
c a l
AH,
c a l  m o l" 1
1 . 4 7 X 1 0 "2 3 . 4 1 X 10"3 0 . 4 3 2 5 - 1 0 , 4 1 6
1 . 4 7 X 1 0"2 3 . 5 4 X 1 0 "3 0 . 4 4 4 6 - 1 0 , 3 9 4
5 . 8 1 X 10~3 1 . 3 5 X 10~3 0 . 1 7 2 9 - 1 0 , 4 3 4
5 . 8 1 X 1 0"3 1 . 8 3 X 10-3 0 . 2 1 5 7 - 1 0 , 2 3 7
3 . 0 2 X 10~3 2 . 1 0 X 10“ 3 - 0 . 2 8 1 3 - 1 0 , 5 5 5
u
A v e r a g e  v a l u e  AHC = - 1 0 , 4 0 7  ±  114 c a l  m o l " 1
a V olu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  a m p o u le s  =  + 0 . 0 3 0 3 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  C s l  a n d  2 2 2  u s i n g  AHg [ 2 2 2 ]  i n  a c e t o n i t r i l e
= 7 8 8 0  c a l  m o l" 1 ( t a b l e  3 . 8 4 )
d C o m p lex  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
c o n c e n t r a t i o n  o f  C s l  o b s e r v e d  i s  w i t h i n  t h e  e x p e r im e n t a l  e r r o r .  A v e r a g e  
ovalue for AHC given.
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Table 3.62 Enthalpy of complexation of silver cation and cryptand 222 in
acetonitrile at 298 K
AgCl04 
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
" Q co r r
c a l
AH,
c a l  m o l" 1
3.71 X 10"2 2 .50 X 10"3 0.6673 - 12,721
3.71 X 10“2 2 .3 9 X 10"3 0.6064 - 12,953
1 .98 X 10’ 2 2 .57 X 10"3 0.6183 - 12,692
1 .98 X 10"2 2.91 X 10” 3 0.6799 - 12,549
7.92 X 10"3 2 .6 4 X 10“3 0.6517 - 12,816
7 .9 2 X 10"3 2 .3 7 X 10~3 0.5435 - 12,926
A v e r a g e  v a l u e  AHC = - 1 2 , 7 7 6  ±  153 c a l  m o l " 1
a  V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  *= 5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 3 0 3 8  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  A c £ 1 0 4 an d  2 2 2  u s i n g  Ahs  [2223 i n  AN = 7 8 8 0
c a l  m o l" 1 ( s e e  t a b l e  3 . 8 4 )
d C o m p lex  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
c o n c e n t r a t i o n  o f  A g C l0 4 o b s e r v e d  i s  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r .
oAverage value for AHC
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Table 3.63 Enthalpy of complexation of lithium cation and cryptand 222 in
nitromethane at 298 K
L iC l0 4 
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
m o le s  t i t r a n t  
a d d e d
" Q co r r
c a l
AHC
c a l  m o l" 1
3 . 2 0 X 1 0 "2 4 . 4 7 X 1 0 "4 2 . 3 4 X 10"5 0 . 3 2 8 8 - 1 4 , 0 5 3
3 . 2 0 X 10"2 2 . 1 6 X 1 0 "4 1 . 1 0 X 10"5 0 . 1 5 4 7 - 1 4 , 0 4 1
3 . 9 5 X 10"3 2 . 8 4 X 10fi4 1 . 4 6 X 10"5 0 . 2 0 7 7 - 1 4 , 2 2 3
3 . 9 5 X 10"3 2 . 2 9 X 10“ 4 1 . 1 7 X 10~5 0 . 1 6 4 5 - 1 4 , 0 3 7
3 . 9 5 X 10"3 2 . 4 6 X 10” 4 1 . 2 6 X 10~5 0 . 1 8 0 3 - 1 4 , 3 0 9
1 . 9 5 X 10” 3 2 . 3 0 X 10“ 4 1 . 1 8 X IQ" 5 0 . 1 6 6 6 - 1 4 , 1 1 5
A v e r a g e  v a l u e  AH = - 1 4 , 1 3 0  ±  113 c a l  m o l " 1
a  m o le s  t i t r a n t  a d d e d  t o  r e a c t i o n  v e s s e l  c o n t a i n i n g  5 0 . 0  m l e l e c t r o l y t e  
s o l u t i o n  i n  n i t r o m e t h a n e .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  22 2  i n  
n i t r o m e t h a n e  u s e d  a s  t i t r a n t  =  9 . 7 0  x  10~3 m ol dm" 3 
b  C o r r e c t e d  f o r  h e a t  o f  d i l u t i o n  o f  L iC l0 4 and  c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e
a s  o b t a i n e d  b y  d i r e c t  c a l o r i m e t r i c  t i t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  222
i n  r e a c t i o n  v e s s e l  c o n t a i n i n g  s o l v e n t
c  C o m p le x  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
c o n c e n t r a t i o n  o f  L i C l 0 4 o b s e r v e d  i s  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r .
oAverage value for AHC is given.
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Table 3.64 Enthalpy of complexation of sodium cation and cryptand 2 22 in
nitromethane at 298 K
Nal
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
" Q co r r
c a l
AH,
c a l  m o l -1
8.2 0 X 10"3 2 . 0 3 X 1 0 "3 1 . 3 5 9 2 - 2 0 , 9 2 2
8.20 X 10"3 1 . 6 2 X 1 0 "3 1 . 3 5 9 2 - 2 0 , 4 2 1
5 . 8 2 X 10"3 - 1 .20 X 10"3 0 . 7 7 1 8 - 2 0 , 3 9 2
1 . 6 4 X 10"3 1 . 3 4 X 10-3 0 . 8 5 5 4 - 2 0 , 3 0 1
1 . 6 4 X 10” 3 1 .6 6 X 10“ 3 1 . 0 7 5 0 - 2 0 , 4 3 1
A v e r a g e  v a l u e  AH„ =  - 2 0 , 4 9 3  ±  24 5  c a l  m o l " 1
a V olu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 1 4 4 7  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  N a l  an d  222  o b t a in e d  u s i n g  AHg [ 2 2 2 ]  i n
n i t r o m e t h a n e  =  7 5 1 2  c a l  m o l" 1 ( t a b l e  3 . 8 6 )
d C o m p le x  f o r m a t io n  i s  c o m p le t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
c o n c e n t r a t i o n  o f  N a l  o b s e r v e d  i s  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r .  A v e r a g e  
ovalue for AHC given.
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Table 3.65 Enthalpy of complexation of potassium cation and cryptand 222 in
nitromethane at 298 K
K I
c / m o l  dm-3
c r y p t a n d  222 
c / m o l  dm- 3
m o le s  t i t r a n t  
a d d e d
“Q c o r r
c a l
AH,
c a l  m o l-1
9 . 7 3 X 1 0 "3 2 . 1 5 X 10~3 1 . 2 9 7 5
9 . 7 3 X 1 0 "3 6 . 1 0 X 10"4 0 . 3 5 2 9
5 . 8 3 X 1 0 "3 1 . 3 5 X 1 0 "3 0 . 7 7 3 2
5 . 1 0 X 1 0 "3 2 . 7 0 X 10"3 1 . 6 3 5 8
5 . 1 0 X 10"3 1 . 8 4 X 1 0 "3 1 . 0 5 8 0
4 . 8 7 X 10~3 8 . 2 7 X 10“ 3 0 . 4 9 1 5
2 . 9 1 X 10~3 - 1 . 4 6 X 10“ 3 0 . 8 5 4 1
2. 01 X 10~3 1 . 5 3 X 10” 4 7 . 8 4  x  10 " 6 0 . 1 4 9 3 ®
1 . 3 9 X 1 0 "3 1 . 4 2 X 10“ 4 7 . 2 7  x  1 0 ~6 0 . 1 3 7 0 ®
A v e r a g e
o f
v a l u e  AHC = - 1 9 , 1 9 6  ± 2 7 6 c a l  m o l ” 1
- 1 9 , 5 7 0
- 1 9 , 0 8 7
- 1 8 , 9 7 2
- 1 9 , 6 1 4
- 1 8 , 9 9 8
- 1 9 , 4 0 3
- 1 9 , 2 3 8
- 1 9 , 0 4 7
- 1 8 , 8 4 2
a  I n i t i a l  v o lu m e  o f  e l e c t r o l y t e  s o l u t i o n  i n  c a l o r i m e t r i c  r e a c t i o n  v e s s e l  
= 5 0 . 0  m l
b m o le s  t i t r a n t  a d d e d  t o  r e a c t i o n  v e s s e l  c o n t a i n i n g  5 0 . 0  m l e l e c t r o l y t e  
s o l u t i o n  i n i t i a l l y .  C o n c e n t r a t i o n  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  MeN02 
u s e d  a s  t i t r a n t  =  5 . 9 9  x  10" 3 m o l dm" 3 
c  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  a m p o u le s  i n  n i t r o m e t h a n e  = + 0 . 0 1 4 4 7  c a l s  
d E n t h a lp y  o f  c o m p le x in g  o f  KI a n d  2 2 2  o b t a i n e d  u s i n g  AHg [ 2 22 ]  i n  MeN02 
=  7 5 1 2  c a l  m o l" 1 ( t a b l e  3 . 8 6 )  
e  C o r r e c t i o n  f o r  h e a t  o f  d i l u t i o n  o f  c r y p t a n d  2 2 2  a n d  h e a t  o f  d i l u t i o n  o f  
K I f o r  c o n c e n t r a t i o n s  u s e d  w a s n e g l i g i b l e  
f  C o m p le x  f o r m a t i o n  i s  c o m p le t e ;  v a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
c o n c e n t r a t i o n  o f  KI o b s e r v e d  i s  w i t h i n  t h e  e x p e r i m e n t a l  e r r o r .  A v e r a g e  
v a l u e  AH° g i v e n
205
Table 3.66 Enthalpy of complexation of rubidium cation and cryptand 222 in
nitromethane at 298 K.
R b l
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
" Q co r r
c a l
AHC
c a l  m o l" 1
6 . 9 1 X 0 " 3 8 . 7 0 X 1 0 "4 0 . 4 5 7 6 - 1 8 , 0 2 8
6 . 0 4 X 0 " 3 9 . 2 1 X 1 0 "4 0 . 4 8 1 4 - 1 7 , 9 6 4
5 . 3 8 X 0 " 3 6 . 5 8 X 1 0 " 4 0 . 3 4 1 6 - 1 7 , 8 9 3
2 . 7 1 X 0 " 3 5 . 4 9 X 1 0"4 0 . 2 9 0 1 - 1 8 , 0 7 4
2 . 1 6 X 0 " 3 5 . 6 1 X 1 0 "4 0 . 2 8 5 9 - 1 7 , 7 0 4
1 . 3 5 X 0 " 3 7 . 3 8 X 10"4 0 . 3 7 8 5 - 1 7 , 7 6 4
6 .21 X 0 "4 4 . 8 0 X 10"5 0 . 2 6 1 3 - 1 8 , 2 0 4
A v e r a g e  v a l u e  AH_ = - 1 7 , 9 4 7  ± 175  c a l  m o l " 1
a V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 1 4 4 7  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  R b l an d  2 2 2  o b t a i n e d  u s i n g  AHS [ 2 2 2 ]  i n
n i t r o m e t h a n e  =  7 5 1 2  c a l  m o l" 1 ( t a b l e  3 . 8 6 )
8 C o m p le x  f o r m a t i o n  i s  c o m p le t e .  V a r i a t i o n  o f  Ahc  w i t h  v a r i a t i o n  o f
concentration of Rbl observed is within the experimental error. Average
ovalue for AHc given.
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Table 3.67 Enthalpy of complexation of caesium cation and cryptand 222 in
nitromethane at 298 K
C s l
c / m o l  dm" 3
c r y p t a n d  222 
c / m o l  dm" 3
“ Q c o r r
c a l
AH,
c a l  m o l" 1
1 . 1 4 X 10"2 1 . 0 7 X 1 0 "3 0 . 2 5 8 3 - 1 2 , 3 3 9
1 . 0 3 X 1 0 "2 1 . 9 8 X 1 0 "3 0 . 4 8 4 1 - 1 2 , 4 0 2
8 . 3 5 X 1 0 "3 6 .21 X 1 0"4 0 . 1 4 5 8 - 1 2 , 2 0 9
2 . 6 3 X 1 0 "3 6 .8 6 X 1 0 "4 0 . 1 5 7 6 - 1 2 , 1 0 6
1 . 9 4 X 10“ 3 9 . 3 6 X 10 - 4 0 . 2 2 8 2 - 1 2 , 3 8 9
1 . 9 0 X 1 0 "3 1 . 3 0 X 10“ 3 0 . 3 0 8 8 - 1 2 , 2 6 3
A v e r a g e  v a l u e  AH_ =  - 1 2 , 2 8 5  ±  115 c a l  m o l " 1
a V o lu m e e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  =  + 0 . 0 1 4 4 7  c a l
o
c  E n t h a lp y  o f  c o m p le x in g  o f  C s l  an d  2 2 2  c a l c u l a t e d  u s i n g  AHg [ 2 2 2 )  i n
n i t r o m e t h a n e  = 7 5 1 2  c a l  m o l" 1 ( t a b l e  3 . 8 6 )
d  C o m p le x  f o r m a t i o n  i s  c o n p l e t e .  V a r i a t i o n  o f  AHC w i t h  v a r i a t i o n  o f
concentration of Csl observed is within the experimental error. Average
ovalue for AHC is given.
Rb+ a n d  C s+ i n  MeN02 w e r e  m e a su r e d  c a l o r i m e t r i c a l l y  u s i n g  t h e  a m p o u le
method. A ll observed heats of reaction were corrected for heat of ampoule
b r e a k  i n  n i t r o m e t h a n e .  E n t h a lp y  o f  c o m p le x in g  o f  K+ w i t h  c r y p t a n d  2 2 2  i n
th is  solvent was also checked by titra tio n  calorimetry. The results
o b t a i n e d  f o r  h e a t s  o f  c o m p le x in g  o f  p o t a s s i u m  c a t i o n  w i t h  c r y p t a n d  222 b y
t h i s  m e th o d  a r e  c o m b in e d  w i t h  c o r r e s p o n d in g  d a t a  o b t a i n e d  by a m p o u le  m eth o d
i n  t a b l e  3 . 6 5  a n d  sh ew  a g r e e m e n t  o f  AHC c ia ta  o b t a i n e d  b y  t h e  tw o  m e t h o d s .
T h e e n t h a l p y  f o r  c o m p le x in g  o f  l i t h i u m  c a t i o n  w i t h  c r y p t a n d  2 2 2  w a s
determined using titration  calorimetric method. The heat of dilution of
c r y p t a n d  2 2 2  a n d  o f  L iC 1 0 4 i n  n i t r o m e t h a n e  w a s s m a l l .  AHC d a t a  f o r
complexation of each metal cation with cryptand 222 were measured at a
series of electrolyte concentrations. Data from conductance measurements
f o r  [K+ 2 2 2 ] C l 0 4 " r [ N a +222 J C l0 4 " ,  [ L i +222 ] C l0 4 " ,  [ R b + 2 2 2 ] l“ an d  [C s + 2 2 2 3 l "
s a l t s  i n  MeN02 c a r r i e d  o u t  i n  t h i s  w ork  w as a n a l y s e d  u s i n g  F u o s s - S h e d l o v s k y
p l o t s  f o r  p a i r w i s e  i o n  a s s o c i a t i o n  a s  sh ow n  i n  t a b l e s  2 . 1 1 . Ka  v a l u e s
o b t a i n e d  w e r e  l e s s  t h a n  o n e  i n d i c a t i n g  c o m p le t e  d i s s o c i a t i o n  o f  c r y p t a t e
s a l t s  i n  MeN02 . H e n c e  n o  c o r r e c t i o n  f o r  a s s o c i a t i o n  w a s r e q u i r e d .  F o r  M+
= L i + ,  Na+ , K+ , Rb+ , a n d  C s  c o m p le x  f o r m a t io n  i s  c o m p le t e  a n d  n o
v a r i a t i o n  o f  Ah c w as o b s e r v e d  w i t h  v a r i a t i o n  o f  e l e c t r o l y t e  c o n c e n t r a t i o n ,  
o
AHC v a l u e s  a r e  r e p o r t e d  a s  t h e  a v e r a g e  o f  AHC d a ta  c o r r e s p o n d in g  t o  
d i f f e r e n t  e l e c t r o l y t e  c o n c e n t r a t i o n s , a n d  t h e  s t a n d a r d  d e v i a t i o n  fr o m  t h e  
m ean g i v e n .
Few  r e s u l t s  f o r  e n t h a lp y  o f  c o m p le x in g  o f  a l k a l i - m e t a l  an d  s i l v e r  
c a t i o n s  w i t h  c r y p t a n d  2 2 2  e x c e p t  i n  w a t e r  a n d  MeOH a r e  a v a i l a b l e  i n  t h e  
l i t e r a t u r e  f o r  c o m p a r is o n .
T a b le  3 . 6 8  l i s t s  e n t h a l p i e s  o f  c o m p le x in g  f o r  a l k a l i  m e t a l  a n d  s i l v e r  
c a t i o n s  w i t h  c r y p t a n d  2 2 2  i n  DMF, Me2S 0 ,  PC a n d  AN an d  t h o s e  f o r  t h e  
a l k a l i - m e t a l  i o n s  MeN02 o b t a i n e d  i n  t h i s  w ork  a n d  t h e  fe w  AHC d a ta  i n
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Enthalpies for complexing of cryptand 222 with metal cations Ka+, K+,
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r e l e v a n t  s o l v e n t  p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e .  T h e s e  r e f e r  t o  
v a l u e s  r e p o r t e d  b y  S c h n e id e r  an d  c o w o r k e r s  f o r  AH° o f  c o m p le x in g  o f  
c r y p t a n d  2 2 2  w i t h  p o t a s s i u m ,  a n d  s i l v e r  i n  DMF, Me2SO, PC a n d  AN o b t a i n e d  
fro m  d a ta  b a s e d  on  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  s t a b i l i t y  c o n s t a n t s  o f  
t h e s e  c a t i o n s  w i t h  c r y p t a n d  222 .
C o m p a r iso n  o f  l i t e r a t u r e  v a l u e s 128 a n d  t h o s e  o b t a i n e d  i n  t h i s  w o rk
o  o
f o r  AHC o f  K+ a n d  A g+ w i t h  c r y p t a n d  2 2 2 , sh ow  g o o d  a g r e e m e n t  f o r  AHC o f
o
p o t a s s i u m  w i t h  c r y p t a n d  2 2 2  i n  DMF a n d  Me2S 0  a n d  f o r  AHC o f  Ag+ w i t h  t h i s  
l i g a n d  i n  AN.
o
T h e  l a r g e s t  d i s c r e p a n c y  i s  f o u n d  f o r  AHC v a l u e  o f  Ag+ w i t h  c r y p t a n d  2 2 2  i n  
DMF, w i t h  a d i f f e r e n c e  o f  2 .2  K c a l  m o l" 1 b e tw e e n  l i t e r a t u r e  v a l u e  an d  t h a t  
d e t e r m in e d  c a l o r i m e t r i c a l l y  i n  t h i s  w o r k . I n  v ie w  o f  t h e s e  d i s c r e p a n c i e s  
i t  s h o u ld  b e  e m p h a s i s e d  t h a t  t h e  m o st  a c c u r a t e  m eth o d  f o r  d e t e r m in in g  
e n t h a l p i e s  o f  c o m p le x a t io n  i s  b y  c a l o r i m e t r i c  m e a s u r e m e n ts .
E n t h a l p i e s  o f  c o m p le x in g  i n  n i t r o m e t h a n e  h a v e  n o t  b e e n  r e p o r t e d  i n  t h e
l i t e r a t u r e  an d  AH° v a l u e s  f o r  c o m p le x a t io n  o f  a l k a l i - m e t a l  w i t h
o
c r y p t a n d  2 2 2  g i v e n  i n  t a b l e  3 . 6 8  a r e  b e l i e v e d  t o  r e p r e s e n t  t h e  f i r s t  AHC
v a l u e s  m e a su r e d  i n  t h i s  s o l v e n t .
E n t h a l p i e s  f o r  c o m p le x a t io n  o f  c r y p t a n d  22 2  w i t h  m e t a l  c a t i o n s  L i + ,  
N a + ,  K+ , Rb+ a n d  C s+ h a v e  b e e n  p r e v i o u s l y  d e t e r m in e d  i n  m e t h a n o l128 fr o m  
c a l o r i m e t r i c  m e a s u r e m e n t s .  F o r  t h e  e n t h a lp y  o f  c o m p le x in g  o f  s i l v e r  c a t i o n  
w it h  c r y p t a n d  222 i n  t h i s  s o l v e n t ,  t h e  l i t e r a t u r e  v a lu e  r e p o r t e d 126 i s  t h a t  
o b t a i n e d  fro m  d a t a  b a s e d  on  t h e  t e m p e r a t u r e  d e p e n d e n c e  o f  t h e  s t a b i l i t y  
c o n s t a n t  o f  [Ag+ 222 ] c r y p t a t e .
O w in g  t o  d i s c r e p a n c i e s  o b s e r v e d  b e tw e e n  t h e  l i t e r a t u r e  v a l u e s  an d  
t h o s e  o b t a i n e d  i n  t h i s  w ork  f o r  t h e  e n t h a l p i e s  o f  c o m p le x in g  o f  s i l v e r  
c a t i o n  w i t h  c r y p t a n d  2 2 2  i n  a  num ber o f  s o l v e n t s  i n  p a r t i c u l a r  DMF f o r  
w h ic h  a  d i f f e r e n c e  o f  2 . 2  K c a l  m o l-1  w as f o u n d ,  t h e  h e a t  o f  c o m p le x in g  o f  
t h e  c a t i o n  w i t h  c r y p t a n d  222 i n  m e th a n o l  w a s m e a su r e d  c a l o r i m e t r i c a l l y .
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T h e  p r e v i o u s l y  r e p o r t e d  v a l u e  f o r  t h e  e n t h a l p y  o f  c o m p le x i n g  o f  l i t h i u m  
c a t i o n  a n d  c r y p t a n d  2 2 2  i n  m e t h a n o l  ( 0 .1 7  K c a l  m o l- 1 ) 128 a l s o  s e e m e d  h i g h l y  
i m p r o b a b l e  a n d  w a s  c o n s e q u e n t l y  r e d e t e r m i n e d  i n  t h e  c o u r s e  o f  t h i s  w o r k .
R e s u l t s  f r o m  c a l o r i m e t r i c  m e a s u r e m e n ts  i n  MeOH f o r  t h e  e n t h a l p i e s  o f  
c o m p l e x i n g  o f  l i t h i u m  a n d  s i l v e r  c a t i o n s  w i t h  c r y p t a n d  222 a r e  sh o w n  i n  
t a b l e s  3 .6 9  -  3 . 7 0 .  G iv e n  i n  e a c h  t a b l e  a r e  t h e  f i n a l  c o n c e n t r a t i o n  o f  t h e  
e l e c t r o l y t e  i n  c a l o r i m e t r i c  r e a c t i o n  v e s s e l ,  t o t a l  c o n c e n t r a t i o n  o f  
c r y p t a n d  222 a d d e d  i n  c a l o r i m e t r i c  r u n ,  t h e  c o r r e c t e d  h e a t  o f  r e a c t o n  
(Q COr r ) a n d  t b e  c o r r e s p o n d i n g  A h c  v a l u e .  T h e  e n t h a l p y  o f  c o m p le x i n g  o f  
s i l v e r  c a t i o n  w i t h  c r y p t a n d  2 2 2  i n  MeOH i s  t h a t  d e t e r m i n e d  b y  c o m b in in g  t h e  
h e a t  o f  s o l u t i o n  o f  c r y p t a n d  222 i n  a  s o l u t i o n  o f  s a l t  c o n t a i n i n g  t h e  
s i l v e r  c a t i o n  m e a s u r e d  c a l o r i m e t r i c a l l y , a n d  t h e  h e a t  o f  s o l u t i o n  o f  l i g a n d  
i n  MeOH p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e 1 2 8 .
F o r  l i t h i u m  c a t i o n ,  A H ° f o r  c o m p l e x a t i o n  w i t h  c r y p t a n d  2 2 2  w a s
m e a s u r e d  b y  t h e  a m p o u le  m e th o d  i n i t i a l l y  a n d  a  v a l u e  o f  - 1 . 6 5  K c a l  m o l-1 
o
f o r  AHC o b t a i n e d  f r o m  t h e  m o s t  c o n s i s t e n t  s e t  o f  d a t a .
T h i s  v a l u e  f o r  Ah °  c o m p le x i n g  o f  [L i+ 2 2 2 ]  c r y p t a t e  w a s  c h e c k e d  a n d  
c o n f i r m e d  b y  a n  i n d i r e c t  m e th o d  u s i n g  t h e  th e r m o d y n a m ic  c y c l e  a s  
r e p r e s e n t e d  b y  e q u a t i o n  1 .1 8  i n  t e r m s  o f  A H °.
F o r  t h i s ,  h e a t s  o f  s o l u t i o n  o f  [ L i + 2 2 2 ) 0104“  i n  w a t e r  a n d  i n  m e t h a n o l  
w e r e  m e a s u r e d  c a l o r i m e t r i c a l l y .  R e s u l t s  f o r  t h e s e  m e a s u r e m e n ts  a r e  g i v e n  
i n  t a b l e s  3 .7 1  -  3 . 7 2 .
N o v a r i a t i o n  o f  AHS w i t h  c o n c e n t r a t i o n  w as  f o u n d  i n  e i t h e r  s o l v e n t  a n d  
t h e  v a l u e  o f  AHS [ L i + 2 2 2 ] C l0 4 "  i n  m e t h a n o l  w as  o b t a i n e d  a t  Sc -  0 f r o m  a  
p l o t  o f  AHS v e r s u s  J c .  T h e  h e a t  o f  s o l u t i o n  o f  [ L i + 2 2 2 ) C l0 4 ~ i n  w a t e r  w as  
m e a s u r e d  i n  t h e  p r e s e n c e  o f  t h e  c o r r e s p o n d i n g  h y d r o x i d e  t o  p r e v e n t  
h y d r o l y s i s  o f  t h e  l i g a n d .  N o v a r i a t i o n  o f  AHS [ L i + 2 2 2 ] C l0 4 “ w i t h  v a r y i n g  
c o n c e n t r a t i o n  o f  L iO H  s o l u t i o n  w a s  o b s e r v e d  a n d  t h e  a v e r a g e  o f  AHS d a t a  i s  
g i v e n  a s  t h e  s t a n d a r d  e n t h a l p y  f o r  s o l u t i o n  o f  [ L i+ 2 2 2 ]  C l 0 4 “  i n  w a t e r .
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Table 3.69 Enthalpy of complexation of lithium cation and cryptand 222 in
methanol at 298 K
L iC 1 0 4 
c / m o l  dm "3
c r y p t a n d  222 
c / m o l  dm "3
+ 2 c o r r
c a l
AH,
c a l  m o l '
7 . 1 6 X 1 0 " 1 3 .1 2 X 1 0 " 3 0 .9 9 7 9 - 1 6 1 3
5 . 7 4 X 10” 1 3 . 4 5 X 10“ 3 1 .0 8 6 2 - 1 7 1 3
3 .4 1 X 1 0 ~ 1 3 .4 4 X 1 0 "3 1 .1 0 5 6 - 1 5 8 2
3 .4 1 X 1 0 " 1 3 . 3 2 X 1 0 " 3 1 .0 6 1 7 - 1 6 1 4
2 . 0 5 X 1 0 " 1 2 .6 1 X 1 0 " 3 0 .8 1 6 9 - 1 7 5 0
u -
A v e r a g e  v a l u e  AH_ =  - 1 6 5 4  ± 73  c a l  m o l " 1
a  V o lu m e  o f  e l e c t r o l y t e  s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  =  + 0 .0 6 2 5 4  c a l
o
c  E n t h a l p y  o f  c o m p le x i n g  o f  L i C l 0 4 a n d  2 2 2  o b t a i n e d  u s i n g  AHg [2 2 2 ]  i n  
MeOH = 8 0 1 0  c a l  m o l " 1 ( r e f .  1 2 8 )
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Table 3.70 Enthalpy of complexation of silver cation and cryptand 222 in
methanol at 298 K
AgCl04 
c/mol dm"3
cryptand 222 
c/mol dm"3
"2corr
cal
AHC
cal mol”1
8.86 X 10"2 1.21 X 10"3 0.6298 -18,420
8.86 X 10"2 2.18 X 10"3 1.1291 -18,369
5.98 X 10“2 2.04 X 10"3 1 .0168 -17,979
5.98 X 10"2 1.75 X 10"3 0.9152 -18,441
5.97 X 10"3 1.84 X 10"3 0.9545 -18,385
5.97 X 10"3 2.05 X 10"3 1.0447 -18,202
°  - Average value AHC = -18,299 ± 178 cal mol"1
a Volume electrolyte solution in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules = +0.06254 cal
oc Enthalpy of complexing of AgCl04 with 222 obtained using AHg [222] in 
MeOH = 8010 cal mol"1 (ref. 128) 
d Complex formation is complete. Variation of AHC with variation of 
concentration of AgCl04 observed is within -the experimental error.
oAverage value for AHC is given
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Table 3.71 Enthalpy of solution of [Li+222]Cl04~ in water at 298 K
[ L i + 2 2 2 ] C l0 4 ‘
L iO H /m o l dm- 3  am oun t w e ig h e d /g  c / m o l  dm" 3 * c o r r
c a l
AH(
c a l  m o l -1
1.02 X 10"1 0.04633 1.92 X 10"3 0.1801 1877
1 .02 X 10"2 0.05404 2 .24 X 10"3 0.2279 2036
7.51 X 10"3 0.04663 1.93 X 10"3 0.1885 1952
3 .7 5 X 10"3 0.04282 1 .77 X 10” 3 0.1715 1934
3 .7 5 X 10"3 0.03091 1 .28 X 10"3 0.1249 1951
o 1
A v e r a g e  v a l u e  AHq = 1950 ±  57 c a l  m o l " 1
a  V o lu m e  LiO H  s o l u t i o n  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l 
b  H e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  i n  w a t e r  i s  n e g l i g i b l e  
c  H e a t  o f  s o l u t i o n  o f  [ L i+ 2 2 2 3C IO 4 i n  w a t e r
j  0
a  AHS , s t a n d a r d  e n t h a l p y  o f  s o l u t i o n  t a k e n  a s  a v e r a g e  o f  4H g v a l u e s
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Table 3.72 Enthalpy of solution of [Li+222]CIO4" in methanol at 298 K
[L i+ 2 2 2 ]C I O 4’
a m o u n t c /m o l  dm" 3
w e i g h e d / g
* c o r r
c a l
AH AH
c a l  m o l" 1 c a l  m o l" 1
0 . 0 5 2 8 1 2 . 1 9 X 1 0 "3 4 . 6 8 X 10~2 1 . 0 6 6 4 9 6 5 0 9 5 1 8
0 . 0 4 5 1 5 1 . 8 7 X 1 0 "3 4 . 3 2 X 1 0 "2 0 . 9 1 7 3 9 6 3 0 9 5 0 6
0 . 0 3 6 2 0 1 . 5 0 X 1 0 "3 3 . 8 7 X 1 0 "2 0 . 7 2 2 7 9 641 9 5 2 7
0 . 0 2 9 7 6 1 . 2 3 X 1 0 "3 3 . 5 1 X 1 0 "2 0 . 5 9 7 7 9 6 9 8 9 5 9 3
0 . 0 2 5 5 4 1 . 0 6 X 10“ 3 3 . 2 6 X 1 0 "2 0 . 5 0 8 8 9 6 1 0 95 11
E x t r a p ,  f c  — 0 AHS = 9 6 4 8  ± 12 9  c a l  m ol'-1
AHS =  9 5 9 2  ± 38 c a l  m o l" 1
V a lu e  u s e d  ( e ) ,  s e e  t e x t
a  V o lu m e s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k in g  em p ty  a m p o u le s  i n  m e t h a n o l  =  + 0 . 0 6 2 5 4  c a l
c  H e a t  o f  s o l u t i o n  [ L i+ 2 2 2 ] C 1 0 4 " i n  m e t h a n o l  c o r r e c t e d  f o r  a n p o u le  b r e a k
d H e a t  o f  s o l u t i o n  [ L i+ 2 2 2 ] C l0 4 " in  m e t h a n o l  c o r r e c t e d  f o r  a m p o u le  b r e a k
a n d  h e a t  o f  d i l u t i o n  a s  d e t e r m in e d  b y e x t e n d e d  D e b y e -H u c k e l  e q u a t io n ?  
o
Ka = 7 0 , a  = 8 
oe AHS obtained at Jc -  0 from least square fit plot of AH corrected for ~
ampoule break versus Jc
f Value obtained at °< = 1
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T h e e n t h a l p i e s  f o r  s o l u t i o n  o f  [ L i+ 2 2 2 ] C l0 4 " i n  H20  a n d  m e t h a n o l  a r e  
g i v e n  i n  t a b l e  3 . 7 3  t o g e t h e r  w i t h  t h e  h e a t  o f  c o m p le x in g  o f  L i + a n d  
c r y p t a n d  222 i n  m e th a n o l  a s  c a l c u l a t e d  fro m  e q n . 1 . 1 8  i n  te r m s  o f  AH, u s i n g  
v a l u e s  /)Ht  [C l0 4 "3 (H20  —^MeOH) g iv e n  i n  t h e  l i t e r a t u r e 1 2 8 .
(H20 —* M e th a n o l)  fr o m  r e f .  1 2 8 .
T h e c a l c u l a t e d  v a l u e  o f  - 1 . 7 2  K c a l  m o l" 1 f o r  AH° o f  c o m p le x in g  o f  
[L i+ 2 2 2 ]  c r y p t a t e  g i v e n  i n  t a b l e  3 . 7 3 , i s  c l o s e  t o  t h a t  o b t a i n e d  fro m  
c a l o r i m e t r i c  m e a su r e m e n ts  ( - 1 , 6 5  K c a l  m o l" 1 f o r  AHc [ L i + 2 2 2 ] )  a n d  t h e  
a v e r a g e  o f  t h e s e  tw o  v a l u e s  ( - 1 . 6 8  K c a l  m o l" 1 ) f o r  h e a t  o f _ c o m p le x in g  o f  
L i+  a n d  c r y p t a n d  2 2 2  i s  g i v e n  i n  t a b l e  3 . 7 4 .
3 . 2 . 3  G e n e r a l  C o n c lu s io n s  R e g a r d in g  H e a ts  o f  C o m p le x a t io n
A c c o r d in g  t o  L eh n  a n d  c o w o r k e r s 1 1 2 , e n t h a l p i e s  o f  c o m p le x a t io n  w i l l  
i n c l u d e  a )  t h e  v a r i a t i o n  i n  t h e  n a t u r e  o f  t h e  b o n d s  a n d  b o n d  e n e r g y  b e tw e e n  
t h e  c a t i o n  an d  l i g a n d  o r  c a t i o n  a n d  t h e  s o l v e n t  m o l e c u l e s  i n  t h e  f i r s t  
s o l v a t i o n  s h e l l ,  b )  i n t e r a c t i o n  o f  t h e  c o m p le x  w i t h  s o l v e n t  m o le c u l e s  
o u t s i d e  t h e  f i r s t  s o l v a t i o n  s h e l l , c )  a n y  ch a n g e  i n  i n t e r - b i n d i n g  s i t e  
r e p u l s i o n s , d )  s o l v a t i o n  o f  t h e  l i g a n d  a n d  e )  an y d e f o r m a t io n s  im p o s e d  b y  
c a t i o n  on  t h e  l i g a n d .
I n  c a s e s  w h e r e  t h e  l i g a n d  i s  p o o r l y  s o l v a t e d ,  c o m p le x a t io n  w o u ld  
r e q u i r e  l e s s  s o l v a t i o n  b o n d  b r e a k in g .  A l s o  i n  s y n t h e s i s  o f  m a c r o b i c y c l i c  
c r y p t a n d s ,  t h e  d e s t a b i l i z i n g  e f f e c t  o f  i n t e r - b i n d i n g  s i t e  i s  b u i l t  i n t o  t h e  
l i g a n d  a n d  w i l l  n o t  a f f e c t  c o m p le x  s t a b i l i t y .  H e n c e  f a v o u r a b le  e n t h a l p i e s  
o f  c o m p le x a t io n  a r e  e x p e c t e d  f o r  m e t a l - i o n  c r y p t a t e  c o m p le x e s  i n  r e a c t i o n  
m e d ia .
W here c o m p le x  f o r m a t io n  i s  b e tw e e n  m a c r o b i c y c l i c  c r y p t a n d  an d  c a t i o n s  
s m a l l e r  o r  l a r g e r  t h a n  t h e  i n t r a m o l e c u l a r  c a v i t y  o f  t h e  l i g a n d ,  f a c t o r  e )
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may a f f e c t  t h e  e n t h a lp y  o f  c o m p le x a t io n  o f  c r y p t a t e .  T h e l a r g e r  e n t h a l p i e s  
o f  c o m p le x a t io n  (m ore n e g a t i v e )  w o u ld  b e  e x p e c t e d  o f  c r y p t a t e s  w h e r e  t h e  
c a t i o n  s i z e  i s  c l o s e s t  t o  t h a t  o f  l i g a n d  c a v i t y  s i z e ,  t h u s  p r e s e n t i n g  t h e  
b e s t  f i t  i n  t h e  l i g a n d s  i n t r a - m o l e c u l a r  c a v i t y .
I n  a n a l y s i n g  t h e  v a r i o u s  f a c t o r s  w h ic h  d e t e r m in e  t h e  e n t h a l p i e s  o f  
c o n p l e x a t i o n  o f  m e t a l - i o n  c r y p t a t e s , i t  i s  im p o r tn t  t o  co m p a re  AH° f o r  
c o m p le x a t io n  d a t a  i n  a  v a r i e t y  o f  s o l v e n t s .
F o r  t h i s  p u r p o s e  e n t h a l p i e s  f o r  c o m p le x in g  o f  m e t a l  i o n s  w i t h
c r y p t a n d  222 i n  w a t e r  a n d  m e t h a n o l  o b t a i n e d  fr o m  t h e  l i t e r a t u r e 12^ an d
c o r r e s p o n d in g  e n t h a l p i e s  o f  c o m p le x in g  i n  DMF, Me2SO , PC, AN a n d  MeN02 a r e
c o m p a r e d  i n  t a b l e  3 . 7 4 .  A l s o  g i v e n  i n  t h i s  t a b l e  a r e  4H ° f o r  c o m p le x in g  o f
c r y p t a n d  2 2 2  w i t h  l i t h i u m  a n d  s i l v e r  c a t i o n s  i n  MeOH d e t e r m in e d  i n  t h i s
o
w o r k . T he d i s c r e p a n c y  fo u n d  i n  AHC v a l u e s  f o r  t h e s e  c a t i o n s  i n  MeOH s h a l l  
n o t  b e  d i s c u s s e d  f u r t h e r  e x c e p t  i n  m e n t io n in g  t h a t  t h e  p r e v i o u s l y  r e p o r t e d  
v a l u e  f o r  AHC o f  s i l v e r  w i t h  c r y p t a n d  2 2 2  i s  t h a t  o b t a in e d  by S c h n e i d e r 1 2 6 , 
a n d  c o w o r k e r s  b a s e d  on  t e m p e r a t u r e  d e p e n d e n c e  d a ta  o f  s t a b i l i t y  c o n s t a n t .
From  t a b l e  3 . 7 4  i t  i s  s e e n  t h a t  h e a t s  o f  c o m p le x in g  o f  a l k a l i  m e t a l  
c a t i o n s  w i t h  c r y p t a n d  222 r e a c h  an  e x o t h e r m ic  maximum f o r  r u b id iu m  i n  
w a t e r ,  m e t h a n o l ,  N -N  d im e th y lf o r m a m id e ,  w i t h  v a l u e  f o r  p o t a s s iu m  b e i n g  j u s t  
b e lo w  t h i s  m aximum.
I n  Me2SO, PC a n d  AN t h e  r e v e r s e  i s  o b s e r v e d  w i t h  h e a t  o f  c o m p le x in g  o f  
p o t a s s i u m  w i t h  c r y p t a n d  222 s h o w in g  a n  e x o t h e r m ic  maximum an d  v a l u e  f o r  
r u b id iu m  b e i n g  j u s t  b e lo w  t h i s  e x o t h e r m ic  maximum. - I t  s h o u ld  h o w e v e r  b e  
e m p h a s is e d  t h a t  d i f f e r e n c e s  b e t w e e n  h e a t s  o f  c o m p le x in g  f o r  t h e s e  tw o  
i n  a l l  s o l v e n t s  c o n s i d e r e d  h e r e  do n o t  e x c e e d  ± 0 . 5  K c a l  m o l" 1 . T h i s  i s  
e x p e c t e d  i f  o n e  c o n s i d e r s  t h a t  c a t i o n / c a v i t y  s i z e  i s  an  im p o r ta n t  f e a t u r e  
i n  g o v e r n in g  e n t h a l p i e s  f o r  c o m p le x a t io n  r e a c t i o n  a s  b o th  c a t i o n s  f i t  b e s t  
i n  t h e  c a v i t y  o f  c r y p t a n d  2 2 2 .
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I n  v ie w  o f  t h e s e  r e s u l t s  i t  i s  m o s t  i n t e r e s t i n g  t o  f i n d  t h a t  t h e
o
g e n e r a l  t r e n d  e x h i b i t e d  b y  AHC v a l u e s  i n  t h e  s o l v e n t s  m e n t io n e d  a b o v e  i s  
a l t e r e d  i n  n i t r o m e t h a n e .
o
T h is  i s  c l e a r l y  i l l u s t r a t e d  i n  f i g .  3 . 1  w h e r e  AHC d a ta  f o r  a l k a l i -
m e t a l  c a t i o n s  a r e  p l o t t e d  a g a i n s t  t h e  r a t i o  o f  c a t i o n  s i z e / l i g a n d  c a v i t y
s i z e  i n  H20 ,  MeOH, DMF, Me2SO , PC, AN a n d  MeN02 .
I n  MeN02 , t h e  e x o t h e r m ic  maximum c o r r e s p o n d s  t o  t h e  e n t h a lp y  o f
o
c o m p le x in g  o f  so d iu m  c a t i o n  w i t h  Ah c v a l u e  f o r  p o t a s s i u m  an d  r u b id iu m
c a t i o n s  b e i n g  b e lo w  t h i s  e x o t h e r m ic  maximum, 
o
AHC d a ta  g iv e n  i n  t a b l e  3 . 7 4  a n d  i l l u s t r a t e d  i n  f i g .  3 . 1 ,  d e m o n s t r a t e
t h a t  i n  t e r m s  o f  e n t h a lp y  t h e  c o m p le x in g  o f  c r y p t a n d  222 w i t h  a l k a l i - m e t a l
c a t i o n s  i s  f a v o u r e d  i n  t h e  f o l l o w i n g  o r d e r  o f  s o l v e n t s ,
MeN02 5 .  f f l  /  PC MeOH Z M e 2 SO Ax DMF A* H20
F o r  t h e  s i l v e r  c a t i o n  a n d  c r y p t a n d  2 2 2  h o w e v e r  t h e  h e a t  o f  c o m p le x in g  i s  i n
t h e  o r d e r
MeN02 Ax p c  A> MeOH A> DMF ^  h 2 0  A: AN -A* Me2 SO
I n  f a c t ,  am ong t h e  d i p o l a r  a p r o t i c  s o l v e n t s  i n  t e r m s  o f  e n t h a lp y  t h e
o
c o m p le x i n g  o f  c r y p t a n d  222  w i t h  a  p a r t i c u l a r  c a t i o n  i s  m ore f a v o u r e d  (AHC
m ore n e g a t i v e )  f o r  t h o s e  c a t i o n s  e n t h a l p i c a l l y  l e s s  s t a b l e  i n  r e s p e c t i v e  
o
s o l v e n t  (AHt  m ore p o s i t i v e ) .  F u r th e r m o r e  w hen  t h e  s t a b i l i t y  i n  t e r m s  o f
. o
e n t h a l p y  i n  tw o  s o l v e n t s  i s  s i m i l a r  (AHt  ~ 0 ) , t h e  e n t h a l p i e s  o f  c o m p le x in g  
f o r  t h i s  c a t i o n  w i t h  c r y p t a n d  222 a r e  a lm o s t  i d e n t i c a l .
T h is  c o r r e l a t i o n  i s  i l l u s t r a t e d  i n  f i g  3 . 2  w h e r e  t h e  d i f f e r e n c e
o
b e t w e e n  t h e  e n t h a l p i e s  o f  c o m p le x in g ,  AHC o f  a  m e t a l  c a t i o n  w i t h  
c r y p t a n d  22 2  i n  e a c h  s o l v e n t  (DMF, Me2 S0 , AN a n d  M eN 02) c o r r e s p o n d in g
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Fig. 3.1 Plot of standard enthalpies of complexing of alkali- 
metal cations with cryptand 222 against cation size/ 
ligand cavity size.
C a t i o n  s i z e / L i g a n d  c a v i t y  s i z e
221
AHC v a l u e s  i n  PC ( c h o s e n  a s  t h e  r e f e r e n c e  s o l v e n t )  a r e  p l o t t e d  a g a i n s t  
o
s i n g l e - i o n  A H t v a ± u e s  f o r  t r a n s f e r  o f  t h e  sam e c a t i o n  f r o m  PC t o  e v e r y  
o t h e r  d i p o l a r  a p r o t i c  s o l v e n t  b a s e d  o n  t h e  P h 4A sP h 4 B c o n v e n t i o n .  A l l  t h e  
r e l e v e n t  d a t a  i s  g i v e n  i n  t a b l e  3 . 7 5 .  I t  w as  f o u n d  t h a t  t h i s  p l o t  g i v e s  a  
s t r a i g h t  l i n e  w i t h  u n i t  s l o p e  a n d  a p p r o x i m a t e l y  z e r o  i n t e r c e p t  a n d  t h i s  may 
b e  r e p r e s e n t e d  b y  t h e  e q u a t i o n .
AHg (B ) -  AHg (A ) «  -AH °[M + ] ( A ---->B) ( 3 .2 8 )
°  * °AHC (B ) a n d  Ah c (A ) i s  t h e  e n t h a l p y  o f  c o m p le x in g  o f  m e t a l  c a t i o n  M w i t h
c r y p t a n d  2 2 2  i n  s o l v e n t  B a n d  A r e s p e c t i v e l y ,  w h e r e  A r e p r e s e n t s  t h e
r e f e r e n c e  s o l v e n t  ( i n  t h i s  c a s e  P C ) / a n d  B a n y  o t h e r  d i p o l a r  a p r o t i c  s o l v e n t
(DMF, Me2 SO , AN a n d  MeN02 ) .
°
AHt [M+ ] (A— »B ) i s  t h e  e n t h a l p y  f o r  t r a n s f e r  o f  m e t a l  c a t i o n  M f r o m  
r e f e r e n c e  s o l v e n t  A t o  s o l v e n t  B iased  o n  t h e  P h 4 A sP h 4 B c o n v e n t i o n .
T h e  p l o t  c l e a r l y  sh o w s  t h e  d i r e c t  c o r r e l a t i o n  b e t w e e n  t h e  e n t h a l p i e s  
o f  c o m p le x i n g  o f  a  g i v e n  c a t i o n  i n  a n y  tw o  d i p o l a r  a p r o t i c  s o l v e n t s  a n d  t h e  
e n t h a l p y  o f  t r a n s f e r  o f  t h a t  c a t i o n  i n  t h e  r e s p e c t i v e  s o l v e n t s .  T h i s  
i n d i c a t e s  t h a t  t h e  p r e d o m i n a n t  f a c t o r  i n  d e t e r m i n i n g  t h e  e n t h a l p y  o f  
c o m p l e x a t i o n  s e e m s  t o  b e  t h e  s o l v a t i o n  o f  t h e  c a t i o n .  F u r t h e r m o r e ,  
r e g a r d i n g  s i n g l e - i o n  e n t h a l p i e s  o f  t r a n s f e r ,  t h e s e  c o u l d  b e  o b t a i n e d  f r o m  
t h e  p l o t .  C o n c e r n i n g  e n t h a l p i e s  o f  t r a n s f e r  o f  b i v a l e n t  c a t i o n s  f o r  w h ic h  
v e r y  fe w  d a t a  a r e  a v a i l a b l e  i n  t h e  l i t e r a t u r e , i t  w o u ld  b e  i n t e r e s t i n g  t o  
s e e  i f  s i n g l e - i o n  e n t h a l p i e s  o f  t r a n s f e r  c o u l d  b e  o b t a i n e d  f r o m  t h e  
e n t h a l p y  o f  c o m p le x i n g  o f  t h e s e  c a t i o n s  w i t h  c r y p t a n d s  i n  d i p o l a r  a p r o t i c  
s o l v e n t s .
o
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S t a b i l i t y  c o n s t a n t s  p r o v i d e  t h e  f r e e  e n e r g y  c h a n g e  f o r  c o m p l e x a t i o n  
r e a c t i o n ,  r e p r e s e n t i n g  a  d i r e c t  m e a s u r e  o f  t h e  e x t e n t  o f  c o m p le x in g  i n  
s o l u t i o n .  W ork b y  C o x  a n d  S c h n e i d e r 1 18 h a s  sh o w n  t h a t  t h e  m ax im a o b s e r v e d  
i n  s t a b i l i t y  c o n s t a n t s  o f  m e t a l - i o n  c r y p t a t e s  c a n n o t  b e  s i m p l y  e x p l a i n e d  b y  
t h e  d i f f e r e n t  i o n - l i g a n d  i n t e r a c t i o n s  b a s e d  o n  r e l a t i v e  s i z e s  o f  c a t i o n  a n d  
l i g a n d  c a v i t y .  O t h e r  f a c t o r s  s u c h  a s  s o l v e n t  e f f e c t s  m u s t  b e  c o n s i d e r e d .
I n  r e l a t i o n  t o  t h i s / l i g a n d - s o l v e n t  a n d  c r y p t a t e  c o m p l e x - s o l v e n t  
i n t e r a c t i o n s  a r e  t o  b e  c o n s i d e r e d .  F u r t h e r m o r e  t h e  n a t u r e  o f  t h e  c a t i o n  
w i l l  p l a y  a  r o l e  i n  d e t e r m i n i n g  t h e  s t a b i l i t y  o f  c r y p t a t e  c o m p le x .  S e v e r a l  
w o r k e r s  h a v e  d e t e r m i n e d  s t a b i l i t y  c o n s t a n t s  o f  m e t a l  c r y p t a t e s  i n  d i f f e r e n t  
s o l v e n t s .  I n  d i p o l a r  a p r o t i c  s o lv e n t s ,w o r k  b y  C ox a n d  S c h n e i d e r 118 
r e p r e s e n t s  b y  f a r  t h e  m o s t  e x t e n s i v e  s e t  o f  s t a b i l i t y  c o n s t a n t  d a t a  o f  
m e t a l - i o n  c r y p t a t e s .
R e s u l t s  f o r  t h e  s t a b i l i t y  c o n s t a n t s  ( l o g  Ks ) o f  a l k a l i - m e t a l  a n d  
s i l v e r  c a t i o n s  w i t h  c r y p t a n d  222  i n  n i t r o m e t h a n e  a r e  g i v e n  i n  t a b l e  3 . 7 6  
w i t h  a l l  v a l u e s  o f  l o g  Ks  w i t h i n  ± 0 .1  l o g  u n i t .  T h e  s t a b i l i t y  c o n s t a n t s  
w e r e  d e t e r m i n e d  b y  t h e  p o t e n t i o m e t r i c  t i t r a t i o n  m e th o d  u s e d  e x t e n s i v e l y  b y  
C o x  a n d  S c h n e i d e r 8 6 ' 8 3 / 1 1 8 ' 1 2 6 , a n d  d e s c r i b e d  i n  t h e  e x p e r i m e n t a l  s e c t i o n .
I t  h a s  a l r e a d y  b e e n  sh o w n  f ro m  d a t a  on  s i n g l e - i o n  f r e e  e n e r g i e s  f o r  
t r a n s f e r  ( t a b l e  3 . 3 )  f r o m  w a t e r  t o  n i t r o m e t h a n e  o b t a i n e d  i n  t h i s  w o r k ,  t h a t  
a m o n g s t  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  DMF, Me2 S 0 ,  PC a n d  AN, MeN02 s o l v a t e s  
c a t i o n s  t h e  p o o r e s t .  C o n s e q u e n t l y ,  h i g h e r  s t a b i l i t i e s  f o r  a l k a l i - m e t a l  
c r y p t a t e s  a r e  t o  b e  e x p e c t e d  i n  t h i s  s o l v e n t  t h a n  i n  a n y  o f  t h e  o t h e r  
d i p o l a r  a p r o t i c  s o l v e n t s  s t u d i e d  s o  f a r .  T h i s  i s  i n d e e d  t h e  c a s e  a s  sh o w n  
i n  t a b l e  3 .7 7  w h ic h  l i s t s  t h e  s t a b i l i t y  c o n s t a n t s  f o r  c o m p le x  f o r m a t i o n  
b e t w e e n  c r y p t a n d  2 2 2  a n d  t h e  m e t a l  c a t i o n s  L i + ,  N a + , K + , R b + , c s +  a n d  A g+
3.2.4 Stability Constants of Alkali-Metal and Silver Cryptates in
Nitromethane
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Table 3.76 Stability constants (log Ks) of alkali metal and silver
cryptates in nitromethane at 298 K
c o m p le x  l o g  Ks
[ L i + 2 2 2 ] 1 1 .4 9 + 0 . 0 5
[N a + 2 2 2 ] 1 3 .5 3 + 0 . 0 9
[K +222] 1 2 .5 8 + 0 . 1 0
[R b + 2 2 2 ] 1 0 .3 0 + 0 .1 0
[C s+ 2 2 2 ] 5 .1 + 0 . 1 0
[A g+ 222] 1 7 .7 1 ± 0 . 0 6
a  T h i s  w o r k ,  p r e c i s i o n  i n  l o g  Ks  ±  0 .1 0  l o g  u n i t
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Table 3.77 Stability constants (log Kg) of alkali metal and silver
cryptates [M+222] in various solvents at 298 K
a
l o g  Ks
b
C o m p le x h 2o MeOH DMF Me2 SO PC AN MeNO;
[ L i+ 2 2 2 ] 0 .9 8 2 . 6 0 - 1 .0 6 .9 4 6 .9 9 1 1 .4 9
[N a + 2 2 2 ] 3 . 9 8 7 . 9 8 6 .0 5 5 .3 5 1 0 .5 4 9 . 6 3 1 3 .5 3
[K + 2 2 2 ] 5 .4 7 1 0 .4 1 7 . 9 5 6 . 9 9 1 1 .1 5 1 1 .0 1 1 2 .5 8
[R b + 2 2 2 ] 4 . 2 4 8 . 9 8 6 . 7 3 5 . 7 8 9 .0 2 9 .5 0 1 0 .3 0
[ C s + 2 2 2 ] 1 .4 7 4 . 4 0 2 .1 3 1 .4 3 4 .1 0 4 . 5 5 5 .1
[A g + 2 2 2 ] 9 . 6 1 2 .2 0 1 0 .0 5 7 . 2 2 1 6 .3 1 9 .0 7 1 7 .7 1
a  A v e r a g e  v a l u e s  f r o m  r e f .  1 1 8 ,  p r e c i s i o n  i n  l o g  Ks  ± 0 .1  l o g  u n i t  
b  T h i s  w o rk ,  p r e c i s i o n  i n  l o g  Ks  — ± 0 .1  l o g  u n i t  ( t a b l e  3 . 7 6 )
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i n  DMF, Me2 SO, P C , AN, MeN02 a s  w e l l  a s  t h e  s t a b i l i t y  c o n s t a n t s  f o r  t h e s e  
c o m p le x e s  i n  w a t e r  a n d  m e t h a n o l .  T h e  s t a b i l i t y  c o n s t a n t s  o f  m e t a l - i o n  
c r y p t a t e s ?  [M +222] i n  t h e  d i f f e r e n t  s o l v e n t s  sh o w  q u a l i t a t i v e l y  t h e  t r e n d  
e x p e c t e d  f r o m  i o n - s o l v e n t  i n t e r a c t i o n s ?  t h e  v a l u e s  i n c r e a s i n g  i n  t h e  o r d e r
Me2 SO /  DMF /-M eO H  ■/ PC /  MeN02
I n  a l l  s o l v e n t s  s t u d i e d  p r e v i o u s l y ,  h i g h e s t  s t a b i l i t y  c o n s t a n t s  f o r  
a l k a l i - m e t a l  c o m p le x e s  w i t h  c r y p t a n d  2 2 2  a r e  t h o s e  b e t w e e n  t h e  p o t a s s i u m  
c a t i o n  a n d  t h i s  l i g a n d  i r r e s p e c t i v e  o f  t h e  s o l v e n t ,  f o l l o w i n g  t h e  c o n c e p t  
o f  h i g h e s t  (m ax im um ) s t a b i l i t y  f o r  t h e  c o m p le x  c o r r e s p o n d i n g  t o  t h e  b e s t  
f i t  o f  c a t i o n  s i z e  t o  l i g a n d  c a v i t y  s i z e .  T h e  g e n e r a l  p a t t e r n  i n  t e r m s  o f  
s t a b i l i t y  o b s e r v e d  f o r  m e t a l - i o n  c r y p t a t e  c o m p le x e s  c o n c e r n i n g  c r y p t a n d  2 2 2  
a s  t h e  l i g a n d  i s  a l r e a d y  a l t e r e d  i n  PC a n d  AN w h e r e  t h e  s t a b i l i t y  c o n s t a n t  
o f  [N a + 2 2 2 ] i s  h i g h e r  t h a n  t h a t  o f  [R b + 2 2 2 ] c r y p t a t e , a n d  s t a b i l i t y  c o n s t a n t  
o f  [ L i+ 2 2 2 ]  c r y p t a t e  h i g h e r  t h a n  o f  [C s+ 2 2 2 ]  c r y p t a t e .
T h e  s e l e c t i v i t y  p a t t e r n  i n  t e r m s  o f  s t a b i l i t y  h o w e v e r  e x h i b i t e d  b y  
c r y p t a n d  2 2 2  i n  n i t r o m e t h a n e ,  d i f f e r s  f r o m  t h a t  i n  t h e  o t h e r  s o l v e n t s  w i t h  
t h e  s t a b i l i t y  c o n s t a n t s  f o r  [N a + 2 2 2 ] c r y p t a t e  g r e a t e r  t h a n  t h a t  o f  [K + 222] 
c r y p t a t e .
T h e  sa m e  s e l e c t i v i t y  o r d e r  o f  c r y p t a n d  2 2 2  f o r  C s+  a n d  L i +  sh o w n  i n  AN 
a n d  PC i s  o b s e r v e d  i n  n i t r o m e t h a n e / w i t h  t h e  s t a b i l i t y  c o n s t a n t  o f  [L i+ 2 2 2 ]  
c r y p t a t e  b e i n g  h i g h e r  t h a n  t h a t  o f  [C s+ 2 2 2 ]  c r y p t a t e  i n  t h e s e  s o l v e n t s .
T h e  s t a b i l i t y  c o n s t a n t s  f o r  [ L i + 2 2 2 ] , [N a+ 2 2 2 ] a n d  [A g+ 222] c r y p t a t e s
c o m p le x e s  a r e  c o n s i s t e n t  w i t h  t h e  f r e e  e n e r g i e s  o f  t r a n s f e r  o f  t h e s e  
o
c a t i o n s  (AGt ) f r o m  w a t e r  t o  n i t r o m e t h a n e , t h e  o r d e r  b e i n g
A G ° [L i+ ]  ^  AG° [Na+] ~  A G °[A g+] :x Ag° [K + ]  Ag ^ [ R b+ ] ^ A G ° [ C s + ]
T h e  h i $ i  s t a b i l i t y  o f  [A g + 2 2 2 ] c r y p t a t e  c o m p le x e s  e x h i b i t e d  i n  a l l  s o l v e n t s  
r e s u l t s  fo m  t h e  s t r o n g  b o n d i n g  b e t w e e n  A g+ a n d  t h e  n i t r o g e n  a to m s  o f  
c r y p t a n d  2 2 2 .
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T h e  Ag+ c a t i o n  i s  p o o r l y  s o l v a t e d  i n  n i t r o m e t h a n e , a n d  t h i s  w o u ld  
f u r t h e r  e n h a n c e  t h e  s t a b i l i t y  o f  [A g + 2 2 2 ] c r y p t a t e  c o m p le x  i n  t h i s  
s o l v e n t .  T h i s  i s  o b s e r v e d  i n  t h e  s t a b i l i t y  c o n s t a n t  f o r  [A g + 2 2 2 ] c r y p t a t e  
s h o w in g  t h e  h i g h e s t  o r d e r  o f  m a g n i tu d e  i n  n i t r o m e t h a n e  t h a n  i n  a n y  o f  t h e  
o t h e r  s o l v e n t s  s t u d i e d .
As i s  t h e  g e n e r a l  c a s e  i n  a l l  d i p o l a r  a p r o t i c  s o l v e n t s  s t u d i e d  s o  f a r ,  
t h e  s t a b i l i t y  c o n s t a n t  f o r  [C s+ 2 2 2 ]  c o m p le x  i n  n i t r o m e t h a n e  i s  lo w .
3 . 2 . 5  F r e e  E n e r g i e s  o f  C o m p le x in g  o f  M e t a l  C a t i o n s  a n d  C r y p t a n d  2 2 2
T h e  s t a n d a r d  f r e e  e n e r g y  c h a n g e  g o v e r n i n g  t h e  c o m p l e x a t i o n  p r o c e s s
Ks
M + (s )  + 2 2 2 ( s )  ----- ? M+22 2 ( s )
o
i s  g i v e n  b y  AGC =  - R T ln  Kg w h e r e  Kg i s  t h e  s t a b i l i t y  c o n s t a n t .
H a v in g  d e t e r m i n e d  t h e  s t a b i l i t y  c o n s t a n t s  o f  a l k a l i - m e t a l  a n d  s i l v e r
c r y p t a t e s  i n  n i t r o m e t h a n e ,  t h i s  d a t a  a n d  c o r r e s p o n d i n g  s t a b i l i t y  c o n s t a n t s
i n  DMF, Me2 SO , PC a n d  AN p r e v i o u s l y  r e p o r t e d  i n  t h e  l i t e r a t u r e 1 18 a s  g i v e n
o
in table 3.78,are used to calculate Ag c values.
o
T a b l e  3 .7 9  l i s t s  t h e  c a l c u l a t e d  AGC d a t a  i n  d i p o l a r  a p r o t i c  s o l v e n t s
o
DMF, Me2 SO , P C , AN a n d  MeN02 a s  w e l l  a s  AGC v a l u e s  i n  w a t e r  r e p o r t e d  i n  t h e  
l i t e r a t u r e .
R e c e n t l y ,  v a l u e s  f o r  t h e  s t a b i l i t y  c o n s t a n t s  o f  c r y p t a t e s  [ L i + 2 2 2 ] ?
(K s  =  2 . 1 )  a n d  [ C s + 2 2 2 ] ?  (K s  =  0 . 7 ) ,  i n  w a t e r 23 2  h a v e  b e e n  r e p o r t e d  w h ic h
d i s p u t e  p r e v i o u s l y  r e p o r t e d  v a l u e s  by Abraham  e t  a l 1 2 8 . T h e new  Ks  v a l u e s
4- 4. o
f o r  [ L i  2 2 2 ]  a n d  [C s+ 2 2 2 ]  c r y p t a t e s  g i v e  AGC v a l u e s  o f  - 0 . 4 4  a n d  + 0 .2 1  K c a l
m o l- 1 ? r e s p e c t i v e l y  a n d  d i f f e r  b y  a b o u t  0 .9  a n d  2 . 2  K c a l  m o l " 1 ?
r e s p e c t i v e l y  f r o m  t h o s e  u s e d  i n  e v a l u a t i n g  t h e  f r e e  e n e r g y  o f  t r a n s f e r  o f
t h e s e  c r y p t a t e s  f r o m  w a t e r  t o  t h e  v a r i o u s  d i p o l a r  a p r o t i c  s o l v e n t s .  T h e  
o
new set of AGC for [Li+222] and [Cs+222] cryptates,have not been taken into
s i l v e r  c a t i o n s  w i t h  c r y p t a n d  222  i n  d i f f e r e n t  s o l v e n t s  a t  2 9 8  K
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Table 3.79 Free energies (Kcal mol”1) of complexing of alkali metal and
o
AGC
c a t i o n
a
h 2o
a
MeOH
b
DMF
b
Me2 SO
b
PC
b
AN
f
MeN02
L i + - 1 . 3 4 - 3 . 5 5 - - - 9 . 4 7 - 9 . 5 3 - 1 5 . 6 8
N a+ - 5 . 4 2 - 1 0 . 8 3 - 8 . 2 5 - 7 . 3 0 - 1 4 . 3 8 - 1 3 . 1 4 - 1 8 . 5 0
K+ - 7 . 4 5 - 1 4 . 4 6 - 1 0 . 8 3
c
- 9 . 5 3 - 1 5 . 2 0 - 1 5 . 0 2 - 1 7 . 1 6
Rb+ - 5 . 7 8 - 1 2 . 2 5 - 9 . 1 8 - 7 . 8 8 - 1 2 .3 1 - 1 2 . 9 6 - 1 4 . 0 5
Cs+ - 1 . 9 7 - 6 . 0 0
d
- 2 .9 1
e
- 1 . 9 4 -5 .. 59 - 6 .2 1 - 6 . 9 6
Ag+ - 1 3 .1 0 - 1 6 . 6 4 - 1 3 .7 1 - 9 . 8 5 - 2 2 . 2 5 - 1 2 . 3 8 - 2 4 . 1 6
a  R e f .  12 8
b  C a l c u l a t e d  f r o m  t h e  a v e r a g e  v a l u e s  o f  l o g  Ks  g i v e n  i n  t a b l e  3 .7 7  
( r e f .  1 1 8 )
c  C a l c u l a t e d  f r o m  t h e  a v e r a g e  v a l u e s  o f  l o g  Ks  e x c l u d i n g  l o g  Ks  =  6 . 0 ,  
( r e f .  1 1 8 )  a n d  g i v e n  i n  t a b l e  3 .7 7  
d C a l c u l a t e d  f r o m  t h e  a v e r a g e  o f  l o g  Kg ( r e f .  118  a n d  g i v e n  i n  t a b l e  3 . 7 7 )  
a n d  v a l u e  o f  l o g  Kg =  2 . 1 0 ,  o b t a i n e d  c a l o r i m e t r i c a l l y  i n  t h i s  w o rk
e  C a l c u l a t e d  f r o m  t h e  a v e r a g e  o f  l o g  Kg ( r e f .  1 1 8 )  a n d  v a l u e  o f  l o g  Kg
=  1 .4 0  o b t a i n e d  c a l o r i m e t r i c a l l y  i n  t h i s  w o rk
f  C a l c u l a t e d  f ro m  l o g  Kg v a l u e s  d e t e r m i n e d  i n  t h i s  w o rk  ( t a b l e  3 . 7 6 )
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a c c o u n t  i n  t h e  i n t e r p r e t a t i o n  o f  t h e s e  r e s u l t s  s i n c e  d e s p i t e  r e f l e c t i n g  
c h a n g e s  i n  t h e  f r e e  e n e r g y  o f  t r a n s f e r  o f  t h e  [ L i+ 2 2 2 ]  a n d  [C s+ 2 2 2 ]
c r y p t a t e s  i n  t r a n s f e r s  f r o m  w a t e r  t o  t h e  d i p o l a r  a p r o t i c  s o l v e n t s ,  t h e  AG^
v a l u e s  f o r  [ L i+ 2 2 2 ]  a n d  [C s+ 2 2 2 ]  c r y p t a t e s  f o r  t r a n s f e r  am ong  d i p o l a r
a p r o t i c  s o l v e n t s  w o u ld  n o t  a l t e r ,  
o
T h e  AGC d a t a  f o r  m e t a l - i o n  c r y p t a t e s  i n  t h e  d i f f e r e n t  s o l v e n t s  a s  a  
f u n c t i o n  o f  c a t i o n  s i z e  i s  i l l u s t r a t e d  i n  f i g .  3 . 3 .
I n  t e s t i n g  f o r  a  c o r r e l a t i o n  s i m i l a r  t o  t h a t  f o u n d  b e tw e e n  e n t h a l p i e s  
o f  c o m p le x i n g  i n  tw o  d i p o l a r  a p r o t i c  s o l v e n t s  a n d  s i n g l e - i o n  e n t h a l p y  o f  
t r a n s f e r  o f  t h a t  p a r t i c u l a r  c a t i o n  b e tw e e n  t h e  tw o  s o l v e n t s  i n  t e r m s  o f  
A G °, t h e  d i f f e r e n c e  i n  f r e e  e n e r g y  c h a n g e  f o r  c o m p l e x a t i o n  i n  tw o  s o l v e n t s  
A a n d  B a s  g i v e n  by
A G °(B ) -  & G°(A) =  A G °[M +] (A —J.B) + A G ° [2 2 2 ]  ( A ^ B )  + A G °[m+ 2 2 2 ]  (A — ^ B )
( 3 . 2 9 )
a r e  c o m p u te d  f o r  a  g i v e n  m e t a l  c a t i o n .  F o r  t r a n s f e r s  am ong  d i p o l a r  a p r o t i c  
s o l v e n t s  w h e r e  (A ) t h e  r e f e r e n c e  s o l v e n t  i s  p r o p y l e n e  c a r b o n a t e ,  a n d  (B ) i s  
a n y  o t h e r  d i p o l a r  a p r o t i c  s o l v e n t  t h e  e q u a t i o n
A G °(B ) -  A G °(A ) = -A G °[M +] (A —* B )  ( 3 . 3 0 )
w a s  d e d u c e d .
T a b l e  3 .8 0  c o n t a i n s  t h e  r e l e v a n t  d a t a  a n d  f i g .  3 . 4  r e p r e s e n t s  t h e  p l o t
o o o
o f  AGC (B) -  Lgc (A ) v e r s u s  &Gt [M+] (A — > B ) f o r  M+ =  L i + ,  N a + , K + , R b + , C s + ,
A g+ .
T h e  s t r a i g h t  l i n e  o b t a i n e d  i s  a l m o s t  o f  u n i t  s l o p e  a n d  a p p r o x i m a t e l y  
z e r o  i n t e r c e p t .  T h e n  s u b s t i t u t i n g  e q n .  3 .3 0  i n  e q n .  3 . 2 9 ,  t h e  i d e n t i t y
A G ^[M +222] = A g ° [ 2 2 2 ]  ( a )
s e e m s  t o  h o l d  r e a s o n a b l y  w e l l  f o r  t r a n s f e r s  am ong  d i p o l a r  a p r o t i c  s o l v e n t s .
I n  c o n s i d e r i n g  w h e t h e r  a  s i m i l a r  c o r r e l a t i o n  c o u l d  e x i s t  f o r  o t h e r  
c r y p t a n d s ,  t h e  d i f f e r e n c e  i n  t h e  f r e e  e n e r g y  o f  c o m p le x i n g  o f  m e t a l - i o n
o
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Fig. 3.3 Plot of standard free energies of complexing 
of alkali-metal cations with cryptand 222 in 
different solvents against cation size/ligand
Cation s ize /L igand  cav ity  size
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(cryptand 211; X - cryptand 221;• 
cryptand 222; 0)
234
c r y p t a t e s ,  [M +211] a n d  [M +221] b e t w e e n  PC a n d  t h e  o t h e r  d i p o l a r  a p r o t i c
o
s o l v e n t s  w e r e  a l s o  p l o t t e d  a g a i n s t  t h e  &Gt [M+] f o r  t h e  c o r r e s p o n d i n g
m e t a l - i o n s  f ro m  PC t o  t h e  r e l e v a n t  s o l v e n t ,  i n  f i g .  3 . 4 .
A s o b s e r v e d  f r o m  f i g .  3 . 4  b e t w e e n  a n y  tw o  d i p o l a r  a p r o t i c  s o l v e n t s , t h e
d i f f e r e n c e s  i n  f r e e  e n e r g y  c h a n g e  f o r  c o m p l e x a t i o n  o f  a  g i v e n  m e t a l  c a t i o n
w i t h  c r y p t a n d s ;  [ 2 1 1 ] ,  [2 2 1 ]  a n d  [2 2 2 ]  i s  m o re  o r  l e s s  c o n s t a n t , a n d  i s
i n d e p e n d e n t  o f  t h e  c a t i o n  c o m p le x e d .  F o r  e x a m p le  w h e n  c o n s i d e r i n g  c o m p le x
f o r m a t i o n  b e t w e e n  K+ a n d  c r y p t a n d s  [ 2 1 1 ] ,  [2 2 1 ]  a n d  [ 2 2 2 ]  i n  a n y  tw o
d i p o l a r  a p r o t i c  s o l v e n t s ,  t h e  d i f f e r e n c e s  i n  t h e  f r e e  e n e r g i e s  o f
c o m p l e x a t i o n  o f  K+ w i t h  t h e s e  l i g a n d s  a r e  s i m i l a r  d e s p i t e  t h e  f a c t  t h a t  K+
o  o
f i t s  b e s t  i n  t h e  c a v i t y  o f  c r y p t a n d  2 2 2 .  T h e  v a l u e s  f o r  &GC (AN) -  AGc (P C )
o f  [K + 2 1 1 ] ,  [K + 221] a n d  [K + 222] c r y p t a t e s  a r e  0 . 7 ,  0 .5 2  a n d  0 .1 9  K c a l  m o l-1
r e s p e c t i v e l y .  C o n s e q u e n t l y ,  i t  a p p e a r s  t h a t  i n  m o s t  c a s e s  t h e  d i f f e r e n c e s
i n  f r e e  e n e r g i e s  o f  c o m p l e x a t i o n  o f  a  g iv e n  c a t i o n  w i t h  c r y p t a n d s  [ 2 1 1 ] ,
[ 2 2 1 ] ,  [2 2 2 ]  a r e  c o n s t a n t  b e t w e e n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  i r r e s p e c t i v e
o f  t h e  c a t i o n  s i z e / l i g a n d  c a v i t y  s i z e .
o
T h e  t r a n s f e r  f r e e  e n e r g y ,  AGt  o f  a n  i o n  i s  t h e  d i f f e r e n c e  b e tw e e n  i t s
s o l v a t i o n  e n e r g i e s  i n  a n y  tw o  s o l v e n t s .  C o n s e q u e n t l y ,  i f  t h e r e  i s  a
o
c o r r e l a t i o n  b e t w e e n  t h e  AGC o f  a  m e t a l - i o n  i n  a n y  tw o  s o l v e n t s  a n d  t h e  f r e e  
e n e r g y  o f  t r a n s f e r  o f  t h a t  i o n  b e t w e e n  t h e  r e s p e c t i v e  s o l v e n t s ,  t h i s  w o u ld  
m e a n  t h a t  t h e  f r e e  e n e r g y  o f  c o m p l e x a t i o n  i s  d e t e r m i n e d  l a r g e l y  b y  t h e  
s o l v a t i o n  e n e r g y  o f  t h e  c a t i o n  i n  r e s p e c t i v e  s o l v e n t .  T h e  r e s u l t s  s o  f a r  
o b t a i n e d  se e m  t o  s u g g e s t  t h a t  i n  c o m p l e x a t i o n  b e tw e e n  a  c a t i o n  a n d  t h e  
c r y p t a n d s ;  i n t e r a c t i o n  b e t w e e n  t h e  c a t i o n  a n d  t h e  s o l v e n t  i s  a n  i m p o r t a n t
I
f a c t o r .
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C o m b in a t io n  o f  t h e  d a t a  f o r  e n t h a l p y  o f  c o m p le x i n g  o f  m e t a l  c a t i o n  
c r y p t a t e s  a n d  c o r r e s p o n d i n g  f r e e  e n e r g y  d a t a  e n a b l e  e n t r o p i e s  o f  c o m p le x i n g  
o f  m e t a l  c a t i o n  c r y p t a t e s  t o  b e  o t a i n e d  b y  t h e  k n o w n  r e l a t i o n s h i p
o  o  o
AGc  = kH c  -  TASC ( 3 . 3 1 )
I n  a d d i t i o n ,  w h en  t h e  e n t r o p i e s  o f  c o m p l e x a t i o n  d a t a  a r e  a d d e d  t o  
s o l v a t i o n  d a t a ,  e n t r o p i e s  o f  c r y p t a t e  f o r m a t i o n  o f  g a s e o u s  m e t a l  c a t i o n s  
a r e  o b t a i n e d ,  t h a t  i s  t h e  e n t r o p y  f o r  t r a n s f e r  o f  a  c a t i o n  f r o m  t h e  g a s  
p h a s e  i n t o  t h e  s o l v a t e d  c r y p t a n d  t o  f o rm  t h e  s o l v a t e d  c r y p t a t e  g i v e n  b y
[ M + ] ( g a s )  + [ 2 2 2 ] ( s ) —  ^[ M + 2 2 2 ] ( s ) ( 3 . 3 2 )
T a b l e  3 .8 1  l i s t s  t h e  e n t r o p i e s  o f  c o m p le x in g  o f  a l k a l i - m e t a l  a n d  
s i l v e r  c r y p t a t e s  i n  DMF, Me2 S O , PC, A N ,a n d  o n l y  t h e  a l k a l i - m e t a l  c r y p t a t e s
i n  MeN02 c a l c u l a t e d  f r o m  e q n .  3 . 3 1 .  On c o m p l e x a t i o n  o f  a  m e t a l  c a t i o n  w i t h
a  l i g a n d  t h e  e n t r o p y  c h a n g e  w i l l  i n c l u d e , a )  t h e  s o l v a t i o n  e n t r o p i e s  o f  t h e  
m e t a l  c a t i o n  a n d  t h e  l i g a n d , b )  c h a n g e s  i n  l i g a n d  i n t e r n a l  e n t r o p y  a s  a  
r e s u l t  o f  o r i e n t a t i o n  a n d  c o n f o r m a t i o n a l  c h a n g e s , c )  c h a n g e s  i n  t o t a l  n u m b e r  
o f  p a r t i c l e s  a n d  t r a n s l a t i o n a l  e n t r o p y .
F ro m  d a t a  i n  t a b l e  3 . 8 1 ,  a  d e c r e a s e  i n  t h e  A s °  f o r  c o m p le x  f o r m a t i o n  
i n  e a c h  o f  t h e  s o l v e n t s  c o n s i d e r e d  i s  o b s e r v e d  a l o n g  t h e  s e r i e s  L i +  t o  
C s+ . As s t a t e d  b y  L e h n  a n d  c o w o r k e r s 1 1 2 ,  t h e  c o m p l e x a t i o n  o f  a  m e t a l  
c a t i o n  by  a  c r y p t a n d  s u c h  a s  c r y p t a n d  2 2 2  r e s u l t s  i n  t h e  t r a n s f o r m a t i o n  o f  
a  s m a l l  i n o r g a n i c  c a t i o n  i n t o  a  l a r g e  h y d r o p h o b i c  c a t i o n  a n d  w o u ld  b e  
e x p e c t e d  t o  l e a d  t o  m a r k e d  l o s s e s  i n  e n t r o p y .  T h i s  i s  r e f l e c t e d  i n  t h e  
n e g a t i v e  e n t r o p y  c h a n g e s  o n  c o m p l e x a t i o n  o f  t h e  a l k a l i  m e t a l  c a t i o n s  w i t h
3.2.7 Entropies of Complexing of Metal Cations and Cryptand 222
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Table 3.81 Entropies of complexing of metal-ions and cryptand 222 in
different solvents at 298 K
o a
ZSC /cal K“1 mol“1
cation DMF Me2SO PC AN MeN02
Li+ - — 2.6 8.1 5.2
Na+ -4.4 -11.3 -3.1 -4.8 -6.7
K+ -7.4 -17.1 -6.6 CO.ID1 00•ID1
Rb+ -13.6 I to o -13.4 -12.8 -13.1
Cs+ -15.1 -22.0 -14.3 -14.1 -17.9
Ag+ -6.6 -8.2 -3.0 -1.3
a Combination of AHC [M+222] in DMF, Me2S0, PC, AN and MeN02 (table 3.74)
o
with the corresponding AGC[M+222] values in the respective solvent 
(table 3.79)
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I n  c o n s i d e r i n g  t h e  s e r i e s  o f  a l k a l i  m e t a l  c a t i o n s ,  L i + i s  t h e  s m a l l e s t  
o f  t h e s e  c a t i o n s  a n d  i s  m o re  h e a v i l y  h y d r a t e d  ( o r  s o l v a t e d )  t h a n  N a + f o r  
e x a m p le .  A l s o  N a+ w o u ld  b e  m o re  h y d r a t e d  ( o r  s o l v a t e d )  t h a n  K+ a n d  s o  o n  
a l o n g  t h e  s e r i e s .  C o n s e q u e n t l y  t h e  e n t r o p y  o f  h y d r a t i o n  ( s o l v a t i o n )  w i l l  
b e c o m e  m o re  p o s i t i v e  a l o n g  t h e  s e r i e s  L i + t o  C s + . H o w e v e r ,  o n  e n t e r i n g  t h e  
l i g a n d  c a v i t y  L i +  w i l l  r e l e a s e  m o re  w a t e r  t h a n  N a + t o  C s + s o  t h a t  t h e  
e n t r o p y  o f  c o m p le x  f o r m a t i o n  w o u ld  b e  e x p e c t e d  t o  b e  m o re  p o s i t i v e  f o r  L i+  
t h a n  N a+, a n d  p r o g r e s s i v e l y  l e s s  p o s i t i v e  (m o re  n e g a t i v e )  a l o n g  t h e  s e r i e s
• i o
o f  c a t i o n s  N a t o  C s .  T h i s  i s  t h e  t r e n d  o b s e r v e d  f o r  ASC o f  c o m p l e x a t i o n  
f r o m  L i +  t o  Rh4) a n d  i n d i c a t e s  t h a t  o n  c o m p le x i n g  w i t h  t h e  l i g a n d  t h e s e  
c a t i o n s  l o s e  m o s t  o r  a l l  o f  t h e i r  w a t e r  o f  h y d r a t i o n .  I n  t h e  c a s e  o f  C s + 
h o w e v e r ,  w h ic h  c a n n o t  f i t  p r o p e r l y  i n t o  t h e  l i g a n d  c a v i t y / t h e  e n t r o p y  o f  
c o m p le x i n g  i s  l o w e r  t h a n  t h a t  f o r  K+ o r  R b+ a n d  i m p l y i n g  t h a t  o n  
c o m p l e x a t i o n  t h e  C s+ i o n  i s  s t i l l  h y d r a t e d .
I n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s ,  DMF, Me2 SO , P C , AN a n d  MeN02 , 
e n t r o p i e s  o f  c o m p le x i n g  o f  a l k a l i - m e t a l  c a t i o n s  w i t h  c r y p t a n d  2 2 2  ( t a b l e  
3 . 8 2 )  b e c o m e  p r o g r e s s i v e l y  m o r e  n e g a t i v e  f o r  t h e  s e r i e s  o f  c a t i o n s  L i + t o  
C s+ ; a s  t h e  s i n g l e - i o n  e n t r o p i e s  o f  s o l v a t i o n  b e c o m e  m o re  p o s i t i v e  f r o m  L i + 
t o  C s + .  T h i s  sh o w s  t h a t  o n  c o m p le x i n g  w i t h  t h i s  l i g a n d ,  t h e  m e t a l - i o n s  
l o s e  m o s t  o f  t h e i r  s o l v a t i o n  s h e l l  o n  e n t e r i n g  t h e  c a v i t y  o f  t h e  l i g a n d .
L e h n  a n d  c o w o r k e r s 112  c o m b in e d  A S ° v a l u e s  f o r  c o m p le x  f o r m a t i o n  a s  
r e p r e s e n t e d  b y  p r o c e s s  ( 3 .3 3 )
M + ( s )  +  2 2 2 ( s ) — ^ [M+2 2 2 ] ( s ) ( 3 . 3 3 )
. o
w i t h  s i n g l e - i o n  e n t r o p i e s  o f  h y d r a t i o n ,  A S ^  g i v e n  b y  p r o c e s s  ( 3 . 3 4 )
cryptand 222 in all the dipolar aprotic solvents considered.
M+ (gas)— »M+ (s) (3.34)
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t o  o b t a i n  A S3 ( s  =  a q ) ,  e n t r o p i e s  o f  t r a n s f e r  o f  c a t i o n s  f r o m  t h e  g a s  p h a s e  
t o  t h e  s o l v a t e d  ( h y d r a t e d )  c r y p t a n d  t o  f o r m  t h e  s o l v a t e d  ( h y d r a t e d )  
c r y p t a t e s .
T h i s  p r o c e s s  i s  r e p r e s e n t e d  a s
M + (g ) +  2 2 2 ( s ) > — > [ M + 2 2 2 ] ( s )  ( 3 . 3 5 )
U s i n g  w a t e r  a s  t h e  s o l v e n t ,  L e h n  a n d  c o w o r k e r s zo  f o u n d  t h a t  AS3 w a s
c o n s t a n t  f o r  M+ =  N a + , K+ a n d  C s+ , a n d  c o n c l u d e d  t h a t  [M +222] i n  w a t e r
c o n t a i n s  t h e  u n h y d r a t e d  c a t i o n .  A b ra h a m  a n d  D a n i l  d e  N a m o r128 a p p l i e d  t h i s
o
s u g g e s t i o n  t o  o t h e r  c a t i o n s  i n  w a t e r  a n d  m e t h a n o l  a n d  r e p o r t e d  t h a t  A S3 w as  
n o t  c o n s t a n t  f o r  C s+  a n d  A g+ i n  w a t e r ,  a n d  L i+  a n d  A g+ i n  m e t h a n o l .  
C o n s e q u e n t l y ,  t h e s e  a u t h o r s  c o n c l u d e d  t h a t  c r y p t a t e  f o r m a t i o n  c o u l d  n o t  b e  
d e s c r i b e d  a s  j u s t  t h e  i n s e r t i o n  o f  a  c a t i o n  i n t o  t h e  m o l e c u l a r  c a v i t y  o f  
t h e  l i g a n d ,  a n d  t h a t  t h e  e x t e n t  o f  s h i e l d i n g  o f  c a t i o n  b y  t h e  l i g a n d  i s  a n  
i m p o r t a n t  f a c t o r .  We h a v e  sh o w n  t h a t  u s i n g  t h e  v a l u e s  f o r  e n t h a l p i e s  o f  
c o m p le x i n g  o f  c r y p t a n d  2 2 2  w i t h  L i+  a n d  Ag+ i n  m e t h a n o l  o b t a i n e d  i n  t h i s
w o rk  t o  g i v e  t h e  c o r r e s p o n d i n g  e n t r o p i e s  o f  c o m p l e x a t i o n ,  a l l  v a l u e s  f o r
o 1 1
A S 3 a r e  q u i t e  c o n s t a n t  t o  w i t h i n  ±3 c a l  K" 1 m o l " ' ;
o
i r r e s p e c t i v e  o f  t h e  c a t i o n .  We now p r o c e e d  w i t h  t h e  c a l c u l a t i o n  o f  A s 3 a s  
d e f i n e d  by  p r o c e s s  ( 3 . 3 5 ) .
o
T h e  e n t r o p i e s  o f  s o l v a t i o n  A S s o ! v  a n d  e n t r o p i e s  o f  c r y p t a t e  f o r m a t i o n ,
. o
AS3 o f  g a s e o u s  m e t a l  c a t i o n s  i n  DMF, Me2SO , P C , AN a n d  MeN02 a r e  o b t a i n e d
a n d  g i v e n  i n  t a b l e  3 . 8 2 .  A s ^ ( p r o c e s s  3 . 3 4 )  v a l u e s  w e r e  o r i g i n a l l y
t a b u l a t e d  b y  N o y e s 27,  a n d  v a l u e s  u s e d  i n  t h e s e  c a l c u l a t i o n s  a r e  b y  A b ra h a m
a n d  D a n i l  d e  N a m o r1 2 8 . F ro m  t a b l e  3 . 8 2 ,  i t  i s  c l e a r l y  s e e n  t h a t  w i t h i n  t h e
o
e x p e r i m e n t a l  e r r o r ,  A S3 v a l u e s  a r e  c o n s t a n t  i n  a l l  t h e s e  d i p o l a r  a p r o t i c
s o l v e n t s  i r r e s p e c t i v e  o f  t h e  c a t i o n  i n v o l v e d .  F u r t h e r m o r e ,  t h e  v a l u e s  o f  
. o
o
AS3 for the transfer of the cations from the gas phase to the solvated
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formation for gaseous cations at 298 K in N,N-dimethylformamide,
Table 3.82 Entropies (cal K"1 mol"1 ) of solvation, ASgoqv and cryptate
dimethylsulphoxi de, 
nitromethane
proylene carbonate, acetonitrile and
cation
° a. aASt [M+]
(H20 -+DMF)
o b
^8solv
0c
ASC odAs3
N,N-- dime thy If ormami de
Na+ -18.8 -47.6 -4.4 -52.0
K+ -23.5 -44.2 -7.4 -51.6
Rb+ -22.5 ri0 ri1 -13.6 -54.0
Cs+ -19.9 -37.1 -15.1 -52.2
Ag+ -17.1 -47.7 —6.6 -54.3
° a o  b oc °d& St lM+ ] ^ s s o l v tec A s3
cation (H20 —> Me2SO )
dimethylsulphoxide
Na+ -11.5 l O • u> -11.3 -51.6
K+ -17.5 -38.2 -17.1 -55.3
Rb+ -18.5 -36.4 -21.0 -57.4
Cs+ -15.6 -32.8 -22.0 -54.8
Ag+ -16.8 -47.4 -8.2 -55.6
/Contd
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Table 3.82 continued
c a t i o n
°  a  
ASt [M+ )
(H2 0  ^ P C )
o  b  
ASsoxv
o c
Asc
o d
a s 3
L i + - 1 6 . 0
p r o p y l e n e  c a r b o n a t e  
- 5 2 . 7 2 . 6 - 5 0 . 1
N a+ - 1 9 . 0 - 4 7 . 8 - 3 . 1 - 5 0 . 9
K+ - 2 2 . 0 - 4 2 . 7 —6 . 6 - 4 9 . 3
Rb+ - 2 1 . 1 - 3 9 . 0 - 1 3 . 4 - 5 2 . 4
C s+ - 2 0 . 2 - 3 7 . 4 - 1 4 . 3 - 5 1 . 7
Ag+ - 2 2 . 2 - 5 2 . 8 - 3 . 0 - 5 5 . 8
. °  . a o  b o c . o
A s t [M+ ] ^ s s o l v A SC AS 3
c a t i o n ( h 2o a n )
a c e t o n i t r i l e
L i + - 2 3 . 6 - 6 0 . 3 8 . 1 - 5 2 . 2
N a+ - 2 2 . 4 - 5 1 . 2 - 4 . 8 - 5 6 . 0
K+ - 2 4 . 0 - 4 4 . 7 - 6 . 8 - 5 1 . 5
R b+ - 2 3 . 7 - 4 1 . 6 - 1 2 . 8 - 5 4 . 4
C s + - 2 3 . 4
VDO1 - 1 4 . 1 - 5 4 . 7
A g+ - 2 3 . 8 - 5 4 . 4 - 1 . 3 - 5 5 . 7
/Contd
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Table 3.82 continued
o  a  o  b  o c  o d
ASt [M+] A Ss o i v  A S C AS3
c a t i o n  (H2 0  MeN02 )
n i t r o m e t h a n e
L i +  - 1 8 . 6  - 5 5 . 3  5 . 2  - 5 0 .1
N a+  - 1 6 . 3  - 4 5 . 1  - 6 . 7  - 5 1 . 8
K+ - 2 1 . 4  - 4 2 . 1  - 6 . 8  - 4 8 . 9
Rb+ - 2 3 . 3  - 4 1 . 2  - 1 3 . 1  - 5 4 . 3
C s+ - 1 7 . 8  - 3 5 . 0  - 1 7 . 9  - 5 2 . 9
o  o
a  F ro m  s i n g l e - i o n  AG^. ( t a b l e  3 . 6 )  a n d  AH}, ( t a b l e  3 . 3 8 )  v a l u e s  b a s e d  o n
P h 4A s+/ P h 4B " c o n v e n t i o n
b  C o m b i n a t i o n  o f  AS^-[M+] d a t a  a n d  e n t r o p i e s  o f  h y d r a t i o n  o f  - 3 6 . 7 ,  - 2 8 . 8 ,
- 2 0 . 7 ,  - 1 7 . 9 ,  - 1 7 . 2  a n d  - 3 0 . 6  c a l K " 1 m o l " 1 f o r  L i + , N a + , K + , R b + , C s+  a n d
A g+ r e s p e c t i v e l y  ( r e f .  1 2 8 )
c  T h e  e n t r o p i e s  o f  c o m p le x i n g  o f  [M +222] i n  r e s p e c t i v e  s o l v e n t  f r o m
t a b l e  3 .8 1  
,  o  o
a  C o m b i n a t i o n  o f  A SSO! V ( b )  a n d  Asc(c) v a l u e s  g i v e n  i n  t h i s  t a b l e
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A v e r a g e  v a l u e s  o f  - 5 2 . 2  ± 2 ,  - 5 4 . 5  ± 2 . 1 ,  - 5 1 . 7  ± 2 . 3 ,  - 5 4 . 1  ±  1 .8  a n d
1 1 °
- 5 1 . 6  ± 2 .2 . c a lK -1 m o l -1 f o r  AS3 i n  DMF, Me2SO , P C , AN a n d  MeN02
r e s p e c t i v e l y ,  a r e  o b t a i n e d .  T h i s  w o u ld  s u g g e s t  t h a t  o n  c o m p l e x a t i o n  t h e
c a t i o n  i s  i n c o o r p o r a t e d  i n t o  t h e  i n t r a m o l e c u l a r  c a v i t y  o f  t h e  l i g a n d  a l m o s t
u n s o l v a t e d .
3 . 3  THERMODYNAMIC PARAMETERS FOR THE TRANSFER OF ALKALI METAL AND
SILVER CRYPTATES AND CRYPTAND 222 FROM WATER TO DIPOLAR APROTIC 
SOLVENTS
3 . 3 . 1  E n t h a l p i e s  o f  T r a n s f e r  o f  C r y p t a n d  2 2 2  f r o m  W a te r  t o
N ,N - d i m e t h y l f o r m a m i d e ,  D i m e t h y l s u l p h o x i d e ,  P r o p y l e n e  C a r b o n a t e ,  
A c e t o n i t r i l e  a n d  N i t r o m e t h a n e
R e s u l t s  o f  e n t h a l p y  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  DMF, P C , AN, a n d
MeN02 m e a s u r e d  c a l o r i m e t r i c a l l y  i n  t h i s  w o rk  a r e  g i v e n  i n  t a b l e s  3 .8 3  -
3 . 8 6  i n  t e r m s  o f  t h e  d e f i n e d  c a l o r i e  ( 4 .1 8 4  J )  a n d  r e f e r  t o  t h e  i s o t h e r m a l  
p r o c e s s  a t  298  K . A l l  e n t h a l p i e s  o f  s o l u t i o n  w e r e  c o r r e c t e d  f o r  t h e  h e a t  
o f  b r e a k i n g  o f  e m p ty  a m p o u le s  i n  t h e  r e s p e c t i v e  s o l v e n t .  No d e p e n d e n c e  o f  
e n t h a l p y  o f  s o l u t i o n  w a s  o b s e r v e d  o n  t h e  f i n a l  c o n c e n t r a t i o n  o f  l i g a n d  i n  
s o l u t i o n ,  a n d  t h e  a v e r a g e  o f  a t  l e a s t  f i v e  i n d e p e n d e n t  m e a s u r e m e n ts  i s  
r e p o r t e d  a s  t h e  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n  w i t h  t h e  s t a n d a r d  d e v i a t i o n  
f r o m  t h e  m ean  g i v e n .  I n  t a b l e  3 . 8 7  i s  g i v e n  t h e  e n t h a l p y  o f  s o l u t i o n  o f  
c r y p t a n d  222 i n  w a t e r  o b t a i n e d  f r o m  t h e  l i t e r a t u r e 128,  a n d  t h e  c o r r e s p o n d i n g  
v a l u e s  i n  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  DMF, P C , AN a n d  MeN02 • As c a n  b e  
s e e n  f ro m  t h i s  t a b l e  t h e  e n t h a l p y  o f  s o l u t i o n  o f  c r y p t a n d  222 i n  d i p o l a r  
a p r o t i c  s o l v e n t s  i s  l a r g e  a n d  p o s i t i v e  i n  c o n t r a s t  t o  AHg v a l u e  i n  w a t e r
ligand are constant irrespective of the solvent.
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Table 3.83 Enthalpy of solution of cryptand 222 in N ,N-diinethylf ormamide at
298 K
wt. of 222/g
0.03820
0.03270
0.02305
0.02209
0.01599
c/mol dm--3
2.03 x 10"3 
1.74 x 10"3 
1.22 x 10"3 
1.17 x 10"3 
8.49 x 10"*4
Qcorr
cal
0.8370
0.7242
0.5007
0.4853
0.3515
AHS
cal mol-1
8250
8338
8179
8271
8276
o 1
Average value AHg = 8263 ± 57 cal mol"1
a Volume solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in NjN-dimethylformamide 
= +0.00340 cals
c Heat of solution of cryptand 222 in DMF corrected for heat of ampoule 
break
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Table 3.84 Enthalpy of solution of cryptand 222 in acetonitrile at 298 K
wt. of 222/g c/mol dm*"3
b
Qcorr
c
A h s
cal cal :
0.04200 2.23 x 10“3 0.8752 7846
0.03944 2.10 x 10"3 0.8329 7951
0.03832 2.05 x 10"3 0.8070 7929
0.03274 1.74 x 10"3 0.6777 7793
0.02050 1.09 x 10~3 0.4290 7879
oAverage value AHg = 7880 ± 64 cal mol"1
a Volume solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in acetonitrile - +0.03038 
cal
° Heat of solution of cryptand 222 in AN corrected for heat of ampoule 
break
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Table 3.85 Enthalpy of solution of cryptand 222 in propylene carbonate at
298 K
w t .  o f  2 2 2 / g
0 .0 5 7 6 4
0 .0 4 7 5 1
0 .0 4 6 5 3
0 .0 4 3 1 9
0 .0 3 0 5 4
0 .0 2 9 6 3
0 .0 2 6 4 4
c / m o l  dm "3
3 . 0 6  x  1 0 " 3 
2 . 5 2  x  1 0 " 3 
2 . 4 7  x  1 0 " 3 
2 . 2 9  x  1 0 " 3 
1 .6 2  x  1 0 “ 3 
1 .5 7  x  10~3 
1 .4 1  x  10” 3
Q c o r r
c a l
1 .2 6 6 5  
1 .0 3 3 6  
1 .0 2 5 8  
0 .9 2 1 9  
0 .6 8 2 4  
0 .6 5 9 5  
0 .5 6 6 4
AHS
c a l  mol*
8 2 7 3
8 1 9 1
8 3 0 0
8 0 3 6
8 4 1 3
8 3 8 0
8 0 6 5
a  V o lu m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l 
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  i n  p r o p y l e n e  c a r b o n a t e  
=  - 0 . 0 0 5 8 8  c a l
c  H e a t  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  PC c o r r e c t e d  f o r  h e a t  o f  b r e a k i n g  
e m p ty  a m p o u le s
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Table 3.86 Enthalpy of solution of cryptand 222 in nitromethane at 298 K
wt. of 222/g c/mol dm"3 Qcorr
cal
AHS
cal mol"1
0.05062 2.69 X 10"3 1.0018 7451
0.03598 1.91 X 10"3 0.7336 7677
0.03181 1.69 X 10"3 0.6312 7471
0.03043 1.62 X 10-3 0.6005 7430
0.01983 1.05 X 10"3 0.3966 7530
Average value AH„ = 7512 ±100 cal mol"1
a Volume solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in nitromethane = +0.01447 
cal
c Heat of solution of cryptand 222 in MeN02 corrected for heat of breaking 
empty ampoules
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Table 3.87 Enthalpies of solution of cryptand 222 in different solvents
(Kcal mol"1) at 298 K
o
s o l v e n t  A H S [2 2 2 ]
b
w a t e r - 5 . 9 1
DMF 8 . 2 6  ± 0 . 0 6
PC 8 . 2 4  ± 0 .1 5
AN 7 . 8 8  ± 0 .0 6
MeN02 7 .5 1  ± 0 .1 0
a  T h i s  w o rk  ( t a b l e s  3 .8 3  -  3 . 8 6 ) ,  p r e v i o u s l y  r e p o r t e d  v a l u e s  f o r  A H g [2 2 2 ]  
i n  DMF, PC a n d  AN a r e  8 . 2 6 ,  7 . 6 9  a n d  4 .8 1  K c a l  m o l " 1/  r e s p e c t i v e l y  
( r e f .  1 2 7 )  
b  R e f .  128
248
a p r o t i c  s o l v e n t s  i s  c o n s t a n t  t o  w i t h i n  ±  0 . 7  K c a l  m o l” 1 .
E n t h a l p i e s  o f  s o l u t i o n  o f  c r y p t a n d  222  i n  DMF, PC a n d  AN h a v e  b e e n
d e t e r m i n e d  a n d  r e p o r t e d  b y  A b ra h a m  a n d  D a n i l  d e  N a m o r1 2 7 . G ood  a g r e e m e n t
i s  f o u n d  b e tw e e n  t h e  p r e s e n t  a n d  e a r l i e r  d e t e r m i n a t i o n s  o f  AH° f o r  s o l u t i o n
o f  c r y p t a n d  2 2 2  i n  DMF. I n  P C , t h e  l i t e r a t u r e  v a l u e 127 f o r  e n t h a l p y  o f
s o l u t i o n  o f  c r y p t a n d  222  i s  som e 0 . 5  K c a l  m o l” 1 lo w e r  t h a n  t h a t  o b t a i n e d  i n
o
t h i s  w o rk  w h e r e a s  i n  AN t h e  l i t e r a t u r e  Ah s  i s  a b o u t  3 K c a l  m o l” 1 lo w e r  t h a n
t h a t  p r e s e n t l y  d e t e r m i n e d .  I n  o r d e r  t o  e x p l a i n  t h e  d i s c r e p a n c y  b e tw e e n
o
e a r l i e r  a n d  p r e s e n t l y  d e t e r m i n e d  AHS v a l u e s  f o r  c r y p t a n d  2 2 2  i n  A N ,th e
o
e f f e c t  o f  a d d i t i o n  o f  w a t e r  t o  s o l v e n t ,  (AN) o n  AHS v a l u e  w as  i n v e s t i g a t e d .
o
T t  w a s  f o u n d  t h a t  f o r  a  AHS v a l u e  o f  4 . 8  K c a l  m o l " 1 t o  b e  o b t a i n e d
a p p r o x i m a t e l y  2% w a t e r  w as  r e q u i r e d .  I t  t h e r e f o r e  s e e m s  t h a t  t h i s
d i s c r e p a n c y  i s  n o t  d u e  t o  t h e  p r e s e n c e  o f  w a t e r  i n  t h e  s o l v e n t , a n d  i t  w i l l
o
b e  sh o w n  l a t e r  o n  t h a t  t h e  l i t e r a t u r e  v a l u e  o f  AHt [2 2 2 ]  f o r  t r a n s f e r  f r o m
w a t e r  t o  a c e t o n i t r i l e  i s  i n c o r r e c t .
F ro m  t h e  p r e s e n t l y  d e t e r m i n e d  d a t a  f o r  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n
o f  c r y p t a n d  222  i n  DMF, P C , AN a n d  MeN02 g i v e n  i n  t a b l e  3 .8 7  t h e  s t a n d a r d
e n t h a l p y  f o r  t r a n s f e r  o f  c r y p t a n d  2 2 2  f r o m  w a t e r  (A ) t o  e a c h  o f  t h e s e
s o l v e n t s  (B ) i s  c a l c u l a t e d  a s
A H ^ [2 2 2 ]  (A —+ B ) = A H ° [ 2 2 2 ] ( B )  - A H g [ 2 2 2 ] ( A )  ( 3 .3 6 )
u s i n g  t h e  v a l u e  f o r  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n  o f  c r y p t a n d  2 2 2  i n  w a t e r
f r o m  t h e  l i t e r a t u r e 1 2 8 . T h e  c a l c u l a t e d  AHt  v a l u e s  f o r  t r a n s f e r  o f  c r y p t a n d
2 2 2  f r o m  w a t e r  t o  DMF, AN, PC a n d  MeN02 a r e  g i v e n  i n  t a b l e  3 . 8 8 ,  t o g e t h e r
o
w i t h  t h e  l i t e r a t u r e  AHt  v a l u e  f o r  t r a n s f e r  o f  l i g a n d  f r o m  w a t e r  t o  
Me2 S 0 1 2 7 .
o
I n  t a b l e  3 . 8 8 ,  a l l  A H ^.[222 ] v a l u e s  a r e  l a r g e  a n d  p o s i t i v e ;  t h e  
i n t e r a c t i o n  o f  c r y p t a n d  2 2 2  w i t h  w a t e r  r e s u l t i n g  i n  t h e  u n f a v o u r a b l e
o(AHS Z. 0). Furthermore the enthalpy of solution of cryptand 222 in dipolar
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Table 3.88 Enthalpies of transfer of cryptand 222 from water (A) to
different solvents (B) in Kcal mol**1 at 298 K
A h .^ [2 2 2 ] (A—> B )
DMF 1 4 .1 7
Me2 SO 1 4 .4 2 b
PC 1 4 .1 5
AN 1 3 .7 8
MeNOo 1 3 .4 2
a  T h i s  w o rk .  P r e v i o u s l y  r e p o r t e d  v a l u e s  f o r  AHt [2 2 2 ]  f r o m  w a t e r  t o  DMF, PC 
a n d  AN a r e  1 4 . 1 7 ,  1 3 .6  a n d  1 0 .7  K c a l  mol*"1 ; r e s p e c t i v e l y  ( r e f .  1 2 7 )  
b  R e f .  127
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t r a n s f e r  o f  t h i s  l i g a n d  f r o m  w a t e r  t o  t h e  d i p o l a r  a p r o t i c  s o l v e n t s ;  DMF, 
Me2 S 0 ,  P C , AN a n d  MeN02 *
- f a
3 . 3 . 2  E n t h a l p i e s  f o r  T r a n s f e r  o f  M e t a l - i o n  C r y p t a t e s  f r o m  W a te r  t o
N ,N - d im e t h y I fo r m a m id e ,  D im e t h y ir f s u lp h o x id e ,  P r o p y le n e  C a r b o n a t e ,  
A c e t r o n i t r i l e  a n d  N it r o m e th a n e
E n t h a l p i e s  f o r  t h e  t r a n s f e r  o f  c r y p t a t e  s a l t s ,  [M ^ ^ X ”  f ro m  a  
r e f e r e n c e  s o l v e n t  ( A ) ,  t o  a n y  o t h e r  s o l v e n t  (B ) c a n  b e  o b t a i n e d  d i r e c t l y  
f r o m  h e a t  o f  s o l u t i o n  d a t a  o f  t h e  c r y p t a t e  s a l t  i n  t h e  a p p r o p r i a t e  
s o l v e n t s .
o o
C o m b i n a t i o n  o f  AHt  d a t a  f o r  c r y p t a t e  s a l t s  w i t h  s i n g l e  i o n  AHt [X“ J
v a l u e s  b a s e d  o n  t h e  P h 4 A s+ / P h 4 B~ c o n v e n t i o n ,  w i l l  g i v e  e n t h a l p i e s  f o r  
t r a n s f e r  o f  c r y p t a t e s ;  [M4?^] f r o m  s o l v e n t  A t o  s o l v e n t  B . A l t e r n a t i v e l y ,  
e n t h a l p i e s  f o r  t r a n s f e r  o f  c r y p t a t e s  f r o m  a  g i v e n  s o l v e n t  t o  a n o t h e r  m ay b e  
c a l c u l a t e d  u s i n g  t h e  th e r m o d y n a m ic  c y c l e  r e p r e s e n t e d  b y  t h e  e q u a t i o n
AH° [M +222] =  Ah° ( B )  -  A H °(A ) + Ah£[M + ] + Ah° [ 2 2 2 ]  ( 3 . 3 7 )
R e s u l t s  f o r  e n t h a l p i e s  o f  s o l u t i o n  o f  a l k a l i - m e t a l  c r y p t a t e  s a l t s /  
[ L i + 2 2 2 ] C 1 0 4 " ,  ( t a b l e  3 . 7 1 )  a n d  [N a + 2 2 2 ]C 1 0 4 “ , [K + 2 2 2 ] C l0 4 ”  a n d  [ R b + 2 2 2 ] I~  
i n  w a t e r  d e t e r m i n e d  c a l o r i m e t r i c a l l y  a r e  g i v e n  i n  t a b l e s  3 .8 9  -  3 . 9 1 .
A l l  c a l o r i m e t r i c  m e a s u r e m e n ts  i n  w a t e r  w e r e  p e r f o r m e d  i n  t h e  p r e s e n c e  
o f  t h e  c o r r e s p o n d i n g  h y d r o x id e y  t h a t  i s  L iO H , NaOH, KOH, a n d  RbOH." A s 
o b s e r v e d  f r o m  t h e  r e s u l t s ,  n o  v a r i a t i o n  o f  w i t h  t h e  c o n c e n t r a t i o n  o f
t h e  h y d r o x i d e  w a s  f o u n d ,  a n d  t h e  AHg v a l u e s  may b e  t a k e n  t o  r e f e r  t o  z e r o
c o n c e n t r a t i o n  o f  h y d r o x i d e .  No v a r i a t i o n  o f  AHg f o r  c r y p t a t e  s a l t  i n  w a t e r  
w a s  o b s e r v e d  w i t h  v a r i a t i o n  o f  c o n c e n t r a t i o n  o f  c r y p t a t e  s a l t ,  a n d  t h e  
a v e r a g e  o f  AHS d a t a  i s  r e p o r t e d  a s  s t a n d a r d  e n t h a l p y  o f  s o l u t i o n  o f
c r y p t a t e  s a l t ,  w i t h  t h e  s t a n d a r d  d e v i a t i o n  f ro m  t h e  m e a n  g i v e n .
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[N a + 2 2 2 ] C l 0 4 ”
o a  _ b
N aO H /m o l dm "3 a m o u n t w e i g h e d / g  c / m o l  dm "3 Q c o r r  AHS
c a l  c a l  m o l'
Table 3.89 Enthalpy of solution of [Na+222]CIO4 " in water at 298 K
1 .0 0 X 1 0 " 1 0 .0 3 4 6 4 1 .3 9 X 1 0 " 3 0 .4 1 6 6 6 0 0 1
1 .0 0 X 10“ 2 0 .0 3 6 0 8 1 .4 5 X 1 0 " 3 0 .4 2 9 2 5 9 3 5
1 .0 0 X 10“ 2 0 .0 2 9 3 0 1 .1 8 X 10“ 3 0 .3 5 6 2 6 0 6 6
1 .0 0 X 1 0 " 3 0 .0 4 5 3 2 1 .8 2 X 10“ 3 0 .5 4 9 7 6 0 5 2
1 .0 0 X 10“ 3 0 .0 3 4 5 2 1 .3 8 X 1 0 " 3 0 .4 1 2 4 59 6 1
A v e r a g e  v a l u e  AHS ~ 6 0 0 3  ±  5 7  c a l  m o l " 1
a  V o lu m e  NaOH s o l u t i o n  i n  r e a c t i o n  v e s s e l  = 5 0 . 0  m l
b Correction for heat of breaking empty ampoules in water was negligible
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Table 3.90 Enthalpy of solution of [K+2 2 2 ]C1 0 4 “ in water at 298 K
[K+222] Cl04“"
KOH/mol dm"3 amount weighed/g c/mol dm"3
b
Qcorr
cal
A h s 
cal i
2.06 x 10"1 0.02894 1.12 x 10"3 0.2368 4215
4.12 x 10~2 0.03579 1.39 x 10“3 0.2972 4277
1.03 x 10"2 0.02444 9.49 x 10“4 0.1994 4202
5.14 x 10"3 0.02075 8.06 x 10"4 0.1730 4294
5,14 x 10”3 0.02325 9.03 x 10"4 0.1924 4262
o
Average value AHg = 4250 ± 40 cal mol 
a Volume KOH solution in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in water is negligible
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[ R b + 2 2 2 ] I "  •
a b
RbOH/mol dm"3 amount weighed/g c/mol dm"3 Qcorr AH s
cal cal mol
Table 3.91 Enthalpy of solution of [Rb+222)I“ in water at 298 K
5 . 9 0 X 1 0 " 2 0 .1 2 0 1 8 4 . 0 8 X 1 0 " 3 0 .0 8 5 9 421
5 . 9 0 X 1 0 " 2 0 .1 1 7 9 5 4 .0 1 X 1 0 " 3 0 .0 8 3 9 4 1 9
2 . 4 0 X 1 0 ” 2 0 .0 5 3 5 0 1 .8 0 X 1 0 " 3 0 .0 3 9 5 4 3 5
2 . 4 0 X 1 0 " 2 0 .0 3 3 2 2 1 .1 3 X 10“ 3 0 .0 2 4 2 4 2 8
5 .6 0 X 1 0 " 3 0 .0 6 7 6 0 2 . 3 0 X 1 0 " 3 0 .0 5 1 3 4 4 7
1A v e r a g e  v a l u e  AHS =  4 3 0  ± 1 1  c a l  m o l " 1
a  V o lu m e  RbOH s o l u t i o n  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p ty  a m p o u le s  i n  w a t e r  i s  n e g l i g i b l e
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The heat of breaking empty ampoules in water was negligible and did 
not require a correction in observed AHS values. Tables 3.92 - 3.93 
contain results for calorimetric determination of enthalpy of solution of 
the cryptate salts [Na+222]C104~ and [K+222] Cl04*" in propylene carbonate 
and in tables 3.94 - 3.95 for acetonitrile.
Results of calorimetric measurements of the enthalpy of solution of 
cryptate salts [Li+222]Cl04“, [Na+222]C104~, [K+222]C104" and [Rb+222]I“ in 
nitromethane are given in tables 3.96 - 3.99.
All observed heats of solution for various cryptate salts in PC, AN 
and MeN02 were corrected for the heat of breaking empty ampoules in 
respective solvent.
The standard enthalpy of solution for each cryptate salt in PC, AN and 
MeN02 was obtained from extrapolation to /c^  = 0 of least square fit plot
for Ah _ (corrected for ampoule break) versus JcT .T
Also given in each of these tables is the standard enthalpy for
solution of cryptate salt [M+222]X~ obtained from extrapolation of AHcorr
(corrected for ampoule break and heat of dilution) data to oc = 1 (oc-
degree of dissociation of the electrolyte in the appropriate solvent). The
correction for the enthalpy of dilution of each cryptate salt in the
solvents PC, AN and MeN02 was evaluated via the extended Debye-Hxickel
equation using values for ion pair association constant? Ka, and ion size 
o
parameter? a, given in each table.
It is assumed that these electrolytes are completely dissociated in
these solvents and a value of Ka = 1 is used for the calculation.
o
Data for Ka and a as obtained from conductance measurements of 
metal-ion cryptate salts in nitromethane are given in table 2 .1 1.
Values for the standard enthalpies for solution of the cryptate salts 
[M+222]X” obtained by extrapolating heat of solution data to zero
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298 K
Table 3.92 Enthalpy of so lu tio n  of [Na+222]C104” in  propylene carbonate a t
[Na+222]C104"
amount
weighed/g
c/mol dm”J
b
Qcorr
cal
c
AH
cal mol" 1
(
■^Hcorr 
cal mo!
0.13601 5.45 x 10~3 7.38 x 10“ 2 1.7694 6491 6489
0.10569 4.24 x 10- 3 6.51 x 1 0 "2 1.3786 6508 6506
0.04835 1.94 x 10" 3 4.40 x 1 0 "2 0.6475 6499 6498
0.04123 1.65 x 10" 3 4.07 x 1 0 "2 0.5626 6495 6494
0 .03457 1.39 x 10~3 3.72 x 10“ 2 0.4510 6509 6508
0.02255 9.04 x 10" 4 3.01 x 10~2 0.2938 6501 6500
Extrap. Jc = 0 oe AHS = 6506 ± 10 cal mol" 1
0 1AHS = 6495 ± 7 cal mol" 1
Value used (e), see text
a Volume solvent contained in reaction vessel = 50.0 ml 
b Correction for heat of breaking empty ampoules in propylene carbonate 
= -0.00588 cal
c Heat of solution of [Na+222]CIO4*" in PC corrected for ampoule break
d Heat of solution of [Na+222]Cl04” in PC corrected for ampoule break and
heat of dilution as obtained by extended Debye-Hiickel equation using
o
values Ka = 1, a = 10.5 
o
e AHg obtained at Jc — 0 from least square fit plot of AH corrected for
ampoule break versus Jc
f  Value obtained  a t  «•= 1
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Table 3.93 Enthalpy of so lu tio n  of [K+222]Cl04" in  propylene carbonate a t
298 K
[K+222]Cl04*
amount
weighed/g
ra*c/mol dm"-3 Jc
b
2corr
cal
c
AH
cal mol" 1
d
kHCOrr 
cal mol"
0.08349 3.24 x 10" 3 5.69 x 1 0 "2 0.5817 3589 3587
0.06969 2.71 x 10" 3 5.20 x 10-2 0.4884 3609 3608
0.05167 2.0 1 x 1 0 "3 4.48 x 1 0 " 2 0.3602 3591 3590
0.03566 1.39 x 10" 3 3.72 x 1 0 "2 0.2493 3600 3599
Extrap. oII
is oe AHS = 3605 ± 36 cal mol" 1
AHS - 3606 ± 1 1  cal mol" 1
Value used (e), see text
a Volume solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty argpoules in PC = -0.00588 cal
c Heat of solution of [K+222]Cl04" in PC corrected for ampoule break
d Heat of solution of [K+222)C104" in PC corrected for ampoule break and
heat of dilution as extended Debye-Hiickel equation using values Ka = 1,
o
a » 10.7
°  . r -e Ahs obtained at Jc = 0 from least square fit plot of AH corrected for 
ampoule break versus J~c 
f Value obtained at od= 1
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Table 3.94 Enthalpy of so lu tio n  of [Na+222] C104*" in  a c e to n i t r i le  a t  298 K
[Na 222JC104"
amount
-*a
c/mol dm" 3 IZ
b
Qcorr
c
AH
d
^Ecorrweighed/g
cal cal mol” 1 cal mol"
0.14299 5.73 x 1 0 " 3 7.57 X 10"2 1.5477 5401 5223
0.10165 4.08 x 1 0 "3 6.38 X 10-2 1.1042 5420 5262
0.06813 2.73 x 10” 3 5.22 X 10"2 0.7424 5437 5300
0.04189 1 .6 8 x 1 0 "3 4.10 X 10"2 0.4618 5500 5387
0.03687 1.48 x 10~3 3.84 X 1 0 "2 0.4088 5532 5425
Extrap. fZ = 0
oe 
A h s = 5639 + 40 cal mol" 1
Ahs = 5522 ± 34 cal mol" 1
Value used (e), see text
a Volume of solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in acetonitrile = +0.03038 
cal
c Heat of solution [Na+222]Cl04" in acetonitrile corrected for ampoule 
break
d Heat of solution [Na+222]C104" in acetonitrile corrected for ampoule
break and heat of dilution as determined by extended Debye-Hiickel 
o
equation? Ka = 1, a = 10.5 
o
e AHS ob ta ined  a t  Jc = 0 from le a s t  square f i t  p lo t  of Ah co rrec ted  fo r
ampoule break versus fo
f  Value ob tained  a t  ©c = 1
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Table 3.95 Enthalpy of so lu tio n  of [K+222]ClC>4” in  a c e to n i t r i le  a t  298 K
[K+222]CIO4"
amount
weighed/g
c/mol dm"J IS
b
2corr
cal
c
Ah
cal mol" 1
<
^Hcorr 
cal mo
0.06694 2.60 x 10“ 3 5.10 x 1 0 "2 0.3331 2563 2430
0.05655 2.20 x 1 0 " 3 4.69 x 1 0 "2 0.2877 2620 2495
0.04534 1.76 x 10" 3 4.20 x 10-2 0.2362 2683 2568
0.04159 1.62 x 1 0 "3 4.02 x 10” 2 0.2193 2715 2604
0.02475 9.61 x 10" 4 3.10 x o 1 to 0.3160 2829 2739
Extrap. oII
is oeAh s = 3245 ± 12 cal mol-1
AHS = 2971 ± 26 cal mol" 1 
Value used (e), see text
a Volume of solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in acetonitrile = +0.03038 
cal
c Heat of solution of [K+2 22]C1C>4“ in AN corrected for ampoule break
d Heat of solution of [K+222]Cl04” in AN corrected for ampoule break and
heat of dilution as estimated by extended Debye-Huckel equation using
Ka — 1, a = 10.7
o _ .
e AHs obtained at Jc — 0 from least square fit plot of AH corrected for 
ampoule break versus Jc~ 
f Value obtained at oc= 1
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Table 3.96 Enthalpy of so lu tio n  of [Li+222]Cl04“ in  nitromethane a t  298 K
[Li+222]C104~
amount
weighed/g
a
c/mol dm"3 Jc
b
Qcorr
cal
c
AH
cal mol"1
i
AHcorr 
cal mo!
0.07118 2.95 x 10"3 5.43 x 10"2 0.6781 4600 4531
0.05618 2.33 x 10”3 4.82 x 10”2 0.5321 4574 4510
0.03904 1.62 x 10"3 4.02 x 10"2 0.3679 4550 4494
0.03315 1.37 x 10~3 3.71 x 10"2 0.3165 4610 4558
Extrap. si II o
oe 
AHS = 4565 ±111 cal mol"1
°  1AHS = 4549 ± 3 2  cal mol"1
Value used (e), see text 
a Volume solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in MeN02 = +0.01447 cal
c Heat of solution of [Li+222jCl04“ in MeN02 corrected for ampoule break
d Heat of solution of [Li+222]Cl04" in MeN02 corrected for ampoule break
and heat of dilution obtained by extended Debye-Hiickel equation using 
o
values Ka - 1/ a = 10.2
-  o r _e AHS obtained at Jc = 0 from least square fit plot of AJ3 corrected for
ampoule break versus fc~
f  Value obtained  a t  <x= 1
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Table 3.97 Enthalpy of so lu tio n  of [Na+222]CIO4” in  nitromethane a t  298 K
[Na+222] CIO4'
amount c/mol dm” 3
weighed/g
y r 2corr
cal
AH 
cal mol- 1
AHcorr 
cal mol” 1
0.05318 2.13 X 10” 3 4.62 X 10-2 0.5343 5013 4952
0.05099 2.04 X 1 0 " 3 4.52 X 10-2 0.5244 5131 5071
0.04947 1.98 X 1 0 "3 4.45 X 1 0 " 2 0.4986 5029 4969
0.04775 1.91 X 1 0 " 3 4.38 X 10“ 2 0.4782 4997 4938
0.02539 1.02 X 10” 3 3.19 X 10- 2 0.2565 5041 4995
Extrap. 0II oe AHS = 5024 ± 219 cal mol” 1
= 4976 ± 61 cal mol” 1AHS
Value used (e), see text
a Volume solvent contained in reaction vessel = 50.0 ml
b Correction for heat of breaking empty ampoules in MeN02 = +0.01447 cal
c Heat of solution of [Na+222]C104“ in MeN02 corrected for ampoule break
d Heat of solution of [Na+222]0 10 4“ in MeN02 corrected for ampoule break
and heat of dilution as obtained by extended Debye-Hiickel equation using 
o
values Ka = 1, a = 10.4 
o . —
e AHS obtained at Jc = 0 from least square fit plot of AH corrected for 
ampoule break versus Jcf 
f  Value obtained at c c  = 1
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Table 3.98 Enthalpy of so lu tio n  of [K+222]Cl04" in  nitromethane a t  298 K
[ K + 2 2 2 ] C l 0 4 "
a m o u n t
w e i g h e d / g
_ a
c / m o l  d m ” -3 f f
b
2 c o r r
c a l
c
A H
c a l  m o l ” 1
1
A H c o r r  
c a l  m o !
0 . 0 5 5 4 8 2 . 1 6 x  1 0 " 3 4 . 6 4 X 1 0 ” 2 0 . 2 4 2 8 2 2 5 5 2 1 9 4
0 . 0 4 8 5 7 1 . 8 7 x  1 0 " 3 4 . 3 4 X 1 0 " 2 0 . 2 1 8 7 2 3 1 9 2 2 6 0
0 . 0 3 1 8 5 1 . 2 4 x  1 0 ” 3 3 . 5 2 X 1 0 ~ 2 0 . 1 5 2 1 2 4 5 9 2 4 0 9
0 . 0 2 8 7 7 1  . 1 2 x  1 0 ” 3 3 . 3 4 X 1 0 “ 2 0 . 1 3 6 3 2 4 3 9 2 3 9 1
0 . 0 2 7 5 0 1  . 0 7 x  1 0 - 3 3 . 2 7 X 1 0 “ 2 0 . 1 2 9 9 2 4 3 3 2 3 8 6
0 . 0 0 9 4 9 3 . 6 9 x  1 0 " 4 1 . 9 2 X 1 0 ” 2 0 . 0 4 6 5 2 5 2 1 2 4 9 1
E x t r a p . 0
o e  
A H S  -
■F
2 7 3 9  ±  6 8 c a l  m o l " 1
A H g  =  2 5 3 7  ±  4 8  c a l  m o l ” 1  
V a l u e  u s e d  ( e ) ,  s e e  t e x t
a  V o l u m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p t y  a m p o u l e s  i n  M e N 0 2  =  + 0 . 0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  [ K + 2 2 2 ] C l 0 4 ”  i n  M e N 0 2  c o r r e c t e d  f o r  a m p o u l e  b r e a k
d  H e a t  o f  s o l u t i o n  o f  [ K + 2 2 2 ] C l 0 4 “  i n  M e N 0 2  c o r r e c t e d  f o r  a m p o u l e  b r e a k  a n d
h e a t  o f  d i l u t i o n  a s  o b t a i n e d  b y  e x t e n d e d  D e b y e - H i i c k e l  e q u a t i o n  u s i n g
o
v a l u e s  K a  =  1 ,  a  =  1 0 . 5
O r—
e  A H S  o b t a i n e d  a t  J c  =  0  f r o m  l e a s t  s q u a r e  f i t  p l o t  o f  A h  c o r r e c t e d  f o r  
a m p o u l e  b r e a k  v e r s u s  / c T  
f  V a l u e  o b t a i n e d  a t  1
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Table 3.99 Enthalpy of so lu tio n  of [Rb+222]I” in  nitromethane a t  298 K
[ R b + 2 2 2 ] I "
a m o u n t
w e i g h e d / g
a
c / m o l  d m - 3 fc
b
Q c o r r
c a l
c
AH
c a l  m o l ” 1
<
& H c o r r  
c a l  m o i
0 . 0 8 6 8 5 2 . 9 5  x  1 0 - 3 5 . 4 3 x  1 0 ~ 2 0 . 2 2 2 7 1 5 1 0 1 4 4 1
0 . 0 7 2 9 4 2 . 4 8  x  1 0 " 3 4 . 9 8 x  1 0 ” 2 0 . 1 9 6 5 1 5 8 6 1 5 2 2
0 . 0 7 1 8 0 2 . 4 4  x  1 0 ” 3 4 . 9 4 x  1 0 " 2 0 . 1 8 3 6 1 5 0 6 1 4 4 2
0 . 0 4 9 6 0 1 . 6 9  x  1 0 " 3 4 . 1 1 x  1 0 " 2 0 . 1 2 4 3 1 4 7 5 1 4 1 9
0 . 0 3 7 0 1 1 . 2 6  x  1 0 " 3 3 . 5 5 x  1 0 " 2 0 . 0 9 6 7 1 5 3 8 1 4 8 8
E x t r a p . 7 ^ = 0
o e  
AHg =
o f
AHg =
1 4 9 3  ±  1 4 7  
1 4 5 9  ±  4 8
c a l  m o l " 1 
c a l  m o l ” 1
V a l u e  u s e d  ( e ) ,  s e e  t e x t  
a  V o l u m e  s o l v e n t  c o n t a i n e d  i n  r e a c t i o n  v e s s e l  =  5 0 . 0  m l
b  C o r r e c t i o n  f o r  h e a t  o f  b r e a k i n g  e m p t y  a m p o u l e s  i n  M e N 0 2  =  + 0 . 0 1 4 4 7  c a l
c  H e a t  o f  s o l u t i o n  o f  [ R b + 2 2 2 ] I -  i n  M e N 0 2  c o r r e c t e d  f o r  a m p o u l e  b r e a k
d  H e a t  o f  s o l u t i o n  o f  [ R b + 2 2 2 ] I “  i n  M e N 0 2  c o r r e c t e d  f o r  a m p o u l e  b r e a k  a n d
h e a t  o f  d i l u t i o n  a s  o b t a i n e d  b y  e x t e n d e d  D e b y e - H i i c k e l  e q u a t i o n  u s i n g
o
v a l u e s  K a = 1 ,  a =  1 0 . 8  
o
e Ahs ob ta ined  a t  Jc = 0 from le a s t  square f i t  p lo t  of AH co rrec ted  fo r
ampoule break versus fc
f  Value ob ta ined  a t  00= 1
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c o n c e n t r a t i o n ,  a n d  t h e  h e a t  o f  s o l u t i o n  d a t a  ( c o r r e c t e d  f o r  h e a t  o f  
d i l u t i o n )  t o  i n f i n i t e  d i l u t i o n ,  d i d  n o t  d i f f e r  b y  m o r e  t h a n  ± 0 . 2  K c a l  m o l " 1 
i n  m o s t  c a s e s .
T h e  s t a n d a r d  e n t h a l p y  f o r  s o l u t i o n  o f  c r y p t a t e  s a l t  i n  e a c h  o f  t h e
s o l v e n t s  P C ,  A N  a n d  M e N 0 2 o b t a i n e d  f r o m  A H S  ( c o r r e c t e d  f o r  a m p o u l e  b r e a k )
d a t a  i s  c h o s e n .  T a b l e  3 . 1 0 0  l i s t s  t h e  s t a n d a r d  e n t h a l p i e s  f o r  s o l u t i o n  o f
o
c r y p t a t e  s a l t s  [ M + 2 2 2 J X ”  i n  w a t e r ,  P C ,  A N  a n d  M e N 0 2 .  C o m p a r i s o n  o f  & H S
d a t a  g i v e n  i n  t h i s  t a b l e  w i t h  l i t e r a t u r e  d a t a  i s  o n l y  p o s s i b l e  f o r  t h e
o
c r y p t a t e s  s a l t  [ K + 222 ] C l 04 _  i n  w a t e r .  A  v a l u e  f o r  A H S  [ K + 2223C I O 4 "" i n  w a t e r  
o f  3 . 2 9  K c a l  m o l " 1 h a s  b e e n  p r e v i o u s l y  r e p o r t e d 1 2 8 .  W h e n  c o m p a r e d  w i t h  t h e
1 °  4 .
p r e s e n t l y  d e t e r m i n e d  v a l u e  o f  4 . 2 5  K c a l  m o l " '  f o r  A H S [ K  222 ] C l C > 4 " ,  a  
d i s c r e p a n c y  o f  ~ 1  K c a l  m o l " 1 i s  f o u n d .  T h e s e  d a t a  w i l l  b e  f u r t h e r  
d i s c u s s e d  w h e n  s t a n d a r d  e n t h a l p i e s  f o r  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  a r e  
e v a l u a t e d .
U s i n g  A H °  d a t a  f o r  s o l u t i o n  o f  c r y p t a t e  s a l t s  i n  w a t e r ,  P C ,  A N  a n d
M e N 0 2 ( t a b l e  3 . 1 0 0 ) ,  t h e  s t a n d a r d  e n t h a l p i e s  f o r  t r a n s f e r  o f  c r y p t a t e  s a l t s
f r o m  w a t e r  t o  e a c h  s o l v e n t  i s  c a l c u l a t e d  a n d  g i v e n  i n  t a b l e  3 . 1 0 1 .  
o
C o m b i n a t i o n  o f  A H t  v a l u e s  f o r  [ M + 2 2 2 ] X  ( t a b l e  3 . 1 0 0  a n d  c o r r e s p o n d i n g
o
s i n g l e - i o n  v a l u e s  A H t [ X " 3  b a s e d  o n  t h e  P h 4A s P h 4 B  c o n v e n t i o n  g i v e s  
o
A H t [ M + 2 2 2 ]  w h e r e  M +  =  N a +  a n d  K +  f o r  t r a n s f e r s  t o  P C  a n d  A N ;  a n d  M +  =  I > i + ,
N a + ,  K +  a n d  R b +  f o r  t r a n s f e r s  t o  MeN02*
D e t a i l s  a r e  g i v e n  i n  t a b l e  3 . 1 0 2 .  V a l u e s  f o r  A H ^ .  [ C l 0 4 " ] ( h 2 0 — > P C ) 176
a n d  A H ^ - [ C 104"3  ( H 2 0  —► A N ) 177  u s e d  w e r e  - 3 . 9 3  K c a l  m o l " 1 a n d  - 4 . 1 9  K c a l  m o l " 1
o
r e s p e c t i v e l y .  V a l u e s  f o r  A H t [ C l 0 4 " ]  ( H 20 — ^ M e N 0 2 )  a n d  A H t [ I " ]  ( h 20 — » M e N 0 2 )  
a r e  t h o s e  o b t a i n e d  i n  t h i s  w o r k  u s i n g  P h 4A s P h 4 B  c o n v e n t i o n  a n d  g i v e n  i n  
t a b l e  3 . 3 7 .
E n t h a l p i e s  f o r  t h e  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  f r o m  w a t e r  t o  
d i f f e r e n t  s o l v e n t s  c a n  b e  e v a l u a t e d  t h r o u g h  t h e  t h e r m o d y n a m i c  c y c l e  a s  
m e n t i o n e d  p r e v i o u s l y .  V a l u e s  o b t a i n e d  f o r  t h e  e n t h a l p i e s  o f  c o m p l e x i n g  o f
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Table 3.100 E n th alp ies  of so lu tio n  of some c ry p ta te  s a l t s  (Kcal mol-1  ) in
w a te r , propylene carbonate, a c e to n i t r i le  and nitrom ethane a t
298 K
AHS
s o l v e n t  [ L i + 2 2 2 ] C l 0 4 “  [ N a + 2 2 2 ] C 1 0 4 "  [ K + 2 2 2 ] C l 0 4 ~  [ R b + 2 2 2 ] C 1 0 4 "
b
h 2 0 1 . 9 5 6 . 0 0 4 . 2 5 0 . 4 3
P C - 6 . 5 1 3 . 6 1 . -
A N - 5 . 6 4 3 . 2 5
M e N Q 2 4 . 5 7 5 . 0 2 2 . 7 4 1 . 4 9
o
a  T h i s  w o r k .  T a b l e s  3 . 8 9  -  3 . 9 1  f o r  A H g  [ M + 2 2 2 ] X “  i n  w a t e r  a n d  t a b l e  3 . 7 1  
f o r  A H S [ L i + 2 2 2 ] C 1 0 4 ”
F r o m  A H S  [ M + 2 2 2 ] X “  v a l u e s  i n  P C  ( t a b l e s  3 . 9 2  -  3 . 9 3 )
F r o m  A H °  [ M + 2 2 2 ] X "  v a l u e s  i n  A N  ( t a b l e s  3 . 9 4  -  3 . 9 5 )  
o
F r o m  A H g  [ M + 2 2 2 ] X ”  v a l u e s  i n  M e N 0 2  ( t a b l e s  3 . 9 6  -  3 . 9 9 )
o
b P r e v i o u s  r e p o r t e d  v a l u e  A H S  [ K + 2 2 2 ]  C l 0 4 "  i n  w a t e r  i s  3 . 2 9  K c a l  m o l " 1 
( r e f .  1 2 8 ) ,  s e e  t e x t
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Table 3.101 E n thalp ies  (Kcal mol” 1) of t r a n s f e r  of some c ry p ta te  s a l t s
from w ater to  propylene carbonate , a c e to n i t r i le  and
nitrom ethane a t  298 K
AH.
s o l u t e  H 2 0 — > P C  H 2 0 — > A N  H 2 0  - + M e N 0 2
[ L i + 2 2 2 ]  C l 0 4 " 
[ N a + 2 2 2 ]  C 1 0 4 '  
[ K + 2 2 2 ]  C l 0 4 "~ 
[ R b + 2 2 2 ] I ”
0 . 5 1
- 0 . 6 4
- 0 . 3 6
-1 .0 0
2 . 6 2
- 0 . 9 8
- 1 . 5 1
1 . 0 6
a  V a l u e s  o b t a i n e d  f r o m  A H S  [ M + 2 2 2 ] X “  i n  w a t e r  a n d  c o r r e s p o n d i n g  v a l u e s  i n  
P C ,  A N  a n d  M e N 0 2  ( t a b l e  3 . 1 0 0 )
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a l k a l i  m e t a l  a n d  s i l v e r  c a t i o n s  w i t h  c r y p t a n d  2 2 2  i n  D M F, M e2 S O , P C  a n d  AN
o o
a r e  c o m b i n e d  w i t h  c o r r e s p o n d i n g  AHC d a t a  f o r  c o m p l e x i n g  i n  w a t e r  a n d  A H ^
v a l u e s  f o r  t r a n s f e r  o f  s i n g l e - i o n s  ( t a b l e  3 . 1 0 3 )  a n d  c r y p t a n d  2 2 2  f r o m
w a t e r  t o  e a c h  s o l v e n t ,  t o  c a l c u l a t e  e n t h a l p i e s  f o r  t r a n s f e r  o f  m e t a l - i o n
c r y p t a t e s  f r o m  w a t e r  t o  DM F, M e2 S O , P C  a n d  AN u s i n g  e q u a t i o n  ( 1 . 1 8 )  i n
t e r m s  o f  A H ° .
o
D e t a i l s  a r e  g i v e n  i n  t a b l e s  3 . 1 0 4  -  3 . 1 0 7 .  D a t a  f o r  AH t [ 2 2 2 j  f r o m
w a t e r  t o  P C ,  AN a n d  DMF u s e d  i n  t h e  c a l c u l a t i o n  o f  AHt [M + 2 2 2 ]  a r e  t h o s e
d e t e r m i n e d  i n  t h i s  w o r k  a n d  g i v e n  i n  t a b l e  3 . 8 8 .
o
C o m b i n a t i o n  o f  t h e  d i r e c t  v a l u e s  f o r  AHt [M + 2 2 2 ]  f r o m  w a t e r  t o  M eN 0 2 
f o r  M+ =  L i + ,  N a + ,  K +  a n d  R b +  w i t h  t h e  e n t h a l p i e s  o f  c o m p l e x i n g  o f  t h e
c o r r e s p o n d i n g  m e t a l  c a t i o n  a n d  c r y p t a n d  2 2 2  i n  w a t e r  a n d  n i t r o m e t h a n e , a s
o  o
w e l l  a s  t h e  AHt [ 2 2 2 J  v a l u e  f o r  t h i s  s y s t e m  g i v e s  v a l u e s  f o r  AHt [M ) u s i n g
e q n .  3 . 3 7 .  D e t a i l s  a r e  g i v e n  i n  t a b l e  3 . 1 0 8 .
T h e  s i n g l e  v a l u e  b a s e d  o n  t h e  P h ^ A s P h ^ B  c o n v e n t i o n  d e r i v e d  f o r  t h e
e n t h a l p y  o f  t r a n s f e r  o f  N a +  i s  u s e d  i n  e q n .  3 . 3 7  t o  o b t a i n  a  v a l u e  f o r  t h e
e n t h a l p y  o f  t r a n s f e r  o f  [ N a + 2 2 2 ]  c r y p t a t e  f r o m  w a t e r  t o  n i t r o m e t h a n e .  T h e
°  4 -  1
c y c l e  a n d  d i r e c t  v a l u e s  f o r  AHt [N a  2 2 2 ] ,  a g r e e  w i t h i n  ± 0 . 4  K c a l  m o l - 1 .
o
H a v i n g  c a l c u l a t e d  s i n g l e - i o n  AHt [M +] v a l u e s  (M+  =  L i + ,  N a + ,  K +  a n d  R b + )  f o r
t r a n s f e r  f r o m  w a t e r  t o  n i t r o m e t h a n e ,  t h i s  d a t a  w a s  c o m b i n e d  w i t h  s i n g l e - i o n  
o
AHt  v a l u e s  o f  c o r r e s p o n d i n g  m e t a l  c a t i o n s  f o r  t r a n s f e r  f r o m  w a t e r  t o
p r o p y l e n e  c a r b o n a t e ,  t o  o b t a i n  s i n g l e - i o n  AHt [M +] v a l u e s  f r o m  p r o p y l e n e
o
c a r b o n a t e  t o  n i t r o m e t h a n e .  A l l  AHt [ M + ] ( P C — > M eN 02 ) v a l u e s  f o l l o w e d  t h e
e q u a t i o n
o  o  o
A H C (B )  -  A H C (A ) -  -A H t [M +] ( A - + B )  ( 3 . 3 8 )
(A  r e f e r s  t o  P C  a n d  B t o  M e N 0 2  o r  a n y  d i p o l a r  a p r o t i c  s o l v e n t ) .
A l s o  a n d  o f  m o r e  i m p o r t a n c e  i s  t h a t  t h e  l i n e a r  p l o t  m a y  b e  u s e d  t o  
o b t a i n  t h e  e n t h a l p y  o f  t r a n s f e r  o f  a  s i n g l e - i o n  a m o n g  a n y  t w o  d i p o l a r
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Table 3.104 E n th a lp ies  fo r  t r a n s f e r  of m eta l-ion  c ry p ta te s  in  Kcal mol” 1
from w ater to  N ,N-dimethylformamide a t  298 K
o a o b o c o d o
cation AHC AHC AHt [222] AHt [M+) AHt [M+222]
(H20) (DMF)
Na
K
Rb-1
Cs"
Ag"
-1.40 
-7.62 
-11.56 
-11.77 
-5.19 
-12.80
-9.55
-13.03
-13.24
-7.44
-15.68
14.17
14.17
14.17
14.17
14.17
14.17
•7.70
■7.89
-9.44
-9.03
-8.50
-9.20
4.35 
3 .26* 
3.67 
3.42 
2.09*
a From table 3.74 
b This work, (table 3.74)
c This work, (table 3.88). Previously reported value AH^ [222](H20 — >DMF) 
= 14.17 Kcal mol"1 (ref. 127) 
d From table 3.103
o
e Previously reported values for AHt [K 222)(H20— yDMF) and
° • .AH^ . [Ag 222](H20— >DMF) are 3.62 and 3.63 Kcal mol"1 respectively
( r e f .  127)
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Table 3.105 E n th a lp ies  fo r  t r a n s fe r  of m eta l-ion  c ry p ta te s  in  Kcal mol" 1
from w ater to  dim ethylsulphoxide a t  298 K
o a o b o c
°  4. d
ocation m c AHC AHt [222] AHt [m+3 AHt [MH
(H20) (Me2SO)
Li+ -1.40 — 14.42 -6.31 _
Na+ -7.62 -10.67 14.42 -6.62 4.75
K+ -11.56 -14.62 14.42 -8.34
e
3.02
Rb+ -11.77 -14.14 14.42 -8.01 4.04
Cs+ -5.19 -8.50 14.42 -7.71 3.40
Ag+ -12.80 -12.29 14.42 -12.92 e2.01
a From table 3,74 
b This work, (table 3.74) 
c From ref. 127 
d From table 3.103
o
e Previously reported values for AHt [K+222] (H20 — +Me2S0) and
AHt [Ag+222] (H20— Me2S0) are 3.11 and 2.89 Kcal mol"1 respectively 
(ref. 127)
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Table 3.106 E n thalp ies  fo r  t r a n s fe r  of m eta l-ion  c ry p ta te s  in  Kcal mol” 1
from w ater to  propylene carbonate a t  298 K
o a o k  o c o d o
cation AHC AHC AHt [222] AHt [M+] AHt [M+222]
(H20) (PC)
Li+ -1.40 i 00 "4 O
Na+ -7.62 -15.31
K+ -11.56 -17.18
Rb+ -11.77 -16.30
Cs+ -5.19 -9.86
Ag+ -12.80 -23.15
14.15 0.73 7.58
14.15 -2.44 4.02
14.15 -5.24
e
3.29
14.15 -5.87 - 3.75
14.15 -6.40 3.08
14.15 -2.30
e
1.50
a From table 3.74 
k From table 3.68
o
c This work, (table 3.88) previously reported value for A ht [222](H2o— +PC) 
= 13.60 Kcal mol"1 (ref. 127) 
d From table 3.103
o
e Previously reported values for AHt [K 222] (H20— > PC) and
°  . .
AIL^ . [Ag 222] (H2o ->PC) were 3.38 and 0.33 Kcal mol”1? respectively
( r e f .  127)
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Table 3.107 E n th a lp ies  fo r t r a n s fe r  of m eta l-ion  c ry p ta te s  in  Kcal mol" 1
from w ater to  a c e to n i t r i le  a t  298 K
o a o b o c o L d o .
cation AHC AHC AHt [222] AHt [M+] £ H t [M+222]
(H20) (AN)
Li+ -1.40 -7.12 13.78 0.15 8.21
Na+ -7.62 -14.57 13.78 -3.26 3.57
K+ -11.56 -17.04 13.78 -5.40
e
2.90
Rb+ -11.77 -16.78 13.78 -5.50 3.27
Cs+ -5.19 -10.40 13.78 -6.00 2.57
Ag+ -12.80 -12.78 13.78 -12.60
e
1 .20
a From table 3.74 
b From table 3.68
o
c This work, (table 3.88) previously reported value for AHt [222](H20— ?>AN) 
= 10.7 Kcal mol"1 (ref. 127) 
d From table 3.103
oe Previously reported values for AHt [k + 2 2 2 ]  (H20 - ^ A N ) and
4 H t [Ag+222] (H20 — ^AN) are -0.96 and -2.71 Kcal mol"1 respectively 
(ref. 127)
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Table 3.108 Derived single-ion enthalpies of transfer of alkali-metals from 
water to nitromethane in Kcal mol"1 at 298 K based on the 
Ph4As+/Ph4B" convention
oa ob o b o b o
cation AH c AH c AHt [222] AHt [M+222] AHt [M+]
(H20) (MeN02)
Li+ -1.40 -14.13 13.42 7.21
d
6.52
I
Na+ -7.62 -20.49 13.42 3.24 2.69
K+ -11.56 -19.20 13.42 3.08 -2.70
Rb+ -11.77 -17.95 13.42 2.92 -4.32
a The values from table 3.74 (ref. 128)
. o o
D This work, AHC values in MeN02 from table , AHt [222] from table 3.103
and AHt [M+222] (H20 — >-MeN02) values from table 3.102
o o
c The AHt [M ] values calculated using eqn. 3.10 except AHt [Na ] value
obtained directly using Ph4As+/Ph4B" convention
d Direct value AHt [Na+222] = 3.61 Kcal mol"1 from table 3.102
o , ,, o
e The AHt [Na+] = 3.06 Kcal mol"1 when direct value of AHt [Na+222) is used
o
in eqn (3.10) to calculate AHt [Na+]
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°aprotic solvents using values for AHC for complexation in the corresponding 
solvents.
o
Following this, the single-ion values AHt [M+] (M+ = Li+, Na+, K and
o
Rb+) for transfer from PC to MeN02 are calculated from AHC data for
complexing of metal-ion cryptates in PC and MeN02 given in table 3.68. The
single-ion values AH-t(PC— ^MeN02) for Li+, Na+, K+ and Rb+ are 5.43, 5.18,
2.02 and 1.65 Kcal mol”1 by this method. The agreement as found between 
o
AHt(Li+, Na+, K+ and Rb+) values for transfer from PC to MeN02 obtained
o
from the plot, and the corresponding single-ion AHt values calculated from
AH^ tM+] (H20 —» PC) based on the Ph4AsPh4B ..convention and 
o
AHt [M+] (H20 —? MeN02) values derived from the cycle is good; 
o
(AHt [M+] (PC — >MeN02) for Li+, Na+, K+ and Rb+ are 5.79, 5.5, 2.54 and 1.55?
o t
respectively) all AHt [M+] values are within ±0.5 Kcal mol”1.
° .The direct value of AHt [Na+] (PC— >MeN02) based on the Ph4AsPh4B
convention is 5.13Kcal mol”1 and shows excellent agreement with the
ocorresponding value obtained from the plot (AHt [Na 3 from PC to MeN02 is 
5.18 Kcal mol”1).
Consequently, the enthalpy for transfer of Cs+ from PC to MeN02 was
ocalculated from the linear plot. This value? AHt [Cs 3 (PC— j>MeN02) = 2.43
1 °Kcal mol” ' is combined with the corresponding AHt value for transfer of Cs+
o
from water to PC and gives AH^ . [Cs+] (H20— >MeN02) = -3.97 Kcal mol"1.
Table 3.109 lists the calculated values for enthalpies of transfer of
alkali-metal and silver cryptates from water to”DMF, Me2S0, PC and AN.
o
Also given in this table are the direct values for AHt [M+222] for M+ = Li+,
Na+, K+ and Rb+ for transfers from water to nitromethane . As shown in
o o
this table, values for AHt [K+222] and AHttNa+222] from water to AN and PC 
calculated via the cycle agree well with the corresponding values obtained 
directly and based on the Ph4AsPh4B convention.
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4.44 Kcal mol" 1 and the cycle value is 4.02 Kcal mol"1. Considering that
the cycle value contains a number of experimental errors due to the steps
involved, the agreement between the cycle value and that obtained directly
is good. Also, excellent agreement is found between the cycle and direct 
o
values for AHt [K+222] in transfers from water to PC. Both the direct and
o 1
cycle values for AHt [k+2223(H20— J PC) are -3.29 Kcal mol"1. In view of
these results it would seem unlikely that the previously reported value for
AHS[K+222]CIO4" in water128 is correct.
From data given in table 3.109 it can be clearly seen that for
transfers of metal-ion cryptates from water to the dipolar aprotic
solvents, values of AH^[M+222] vary with the central ion. This was also
observed in transfers of the same cryptates from water to methanol128. The 
o
values for AH^ . of [K+222] and [Ag+222] cryptates from water to DMF and to 
Me2SO, differ from those previously reported in the literature127. These
differences are due to the fact that the latter results were calculated
ousing values for the AHC of complexing of potassium and silver cations with
cryptand 222 in DMF and Me2SO obtained from the temperature variation of
the stability constants in these solvents. Consequently, the conclusions
o o
previously reached that the AHt [K+222] = AHt [Ag+222], must be ruled out in 
view of the present data derived from the most accurate calorimetric 
technique.
o
For transfer from water to DMF, Me2SO, PC, AN and MeN02, the AHt
values for [M+222] cryptates are positive as observed in table 3.109
indicating that the metal-ion cryptates behave similarly to the large
hydrophobic tetra-alkyl ammonium ions. For the simple uncomplexed cations 
oAHt values (table 3.38) are negative for transfers from water to the 
relevant solvent.
For example, the  d ire c t  value fo r  AH^  [Na+222] from w ater to  PC i s
277
propylene carbonate was chosen as the reference solvent. Values for 
o
AHt [M+222] from PC to the solvents, DMF, Me2SO, AN and MeN02 are given in
o
table 3.110. Hardly any variation in AHfc[M+222] with the metal cation is
o
observed and most [M+222] values are close to zero.
The results clearly indicate that in terms of AH° the identity (c)
o + o +
AHt [M1222] = &Ht [M2222] (c)
holds among dipolar aprotic solvents.
This would imply that cryptate conventions (a) and (b) could be valid
in terms of AH° for transfer among dipolar aprotic solvents.
Conventions (a) and (b) are tested in table 3.111 when propylene
carbonate is used as the reference solvent.
The results illustrate clearly that in terms of enthalpy, convention
(a) for the transfer among dipolar aprotic solvents
A[M+222] = Ah °[222] (a)
is valid giving values that within the experimental error agree with values
obtained using the Ph4AsPh4B convention.
o
Regarding convention (b), if AHt [M+222] = 0 this would imply that 
° , oAHt [M 222]X~ - A H t [X“] among dipolar aprotic solvents. Consequently for
°  j .transfers among dipolar aprotic solvents, AHt [M 222]X" values should give 
o
values for AHt [x"3 which*agree with those values based on the Ph4AsPh4B
o
convention. In checking this, the &Ht values for the transfer of
[K+222]C104” and [Na+222]Cl04“ cryptate salts from PC to AN and PC to MeN02
oare calculated from AHt data for these cryptate salts from water to the 
relevant solvent. The values obtained for AH^ [K+222] Cl04*“ from PC to AN 
and from PC to MeNQ2 are -0.36 and -0.87 Kcal mol"1; respectively. The
For t r a n s f e r  of m eta l-io n  c ry p ta te s  among d ip o la r  a p ro tic  so lv en ts ,
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Table 3.110 E n thalp ies  (Kcal mol“1) fo r  t r a n s fe r ,  based on Ph4As+/Ph4B“
convention, of m eta l-ion  c ry p ta te s  and cryptand 222 using
propylene carbonate as re fe rence  a t  298 K
o
AHt
cation
a
PC — DMF
a
PC — >Me2SO
cl
PC —fc AN PC— >Me
[Li+222] . 0.63 -0.37
[Na+222] 0.33 0.73 c-0.45 -0.61 -0.83
[K+222] -0. 03 -0.27 c-0.39 -0.10 -0 .2 1
[Rb+222] -0.08 0.29 -0.48 -0.83
[Cs+222] 0.34 0 .32 -0.51 -0.73
[Ag+222] 0.59 0.51 -0.30 -
solute
b b b b
222 0.02 0.27 -0.37 -0.73
a Calculated ofrom AHt values given in table 3.109
■» VD Calculated from AHt values given in table 3.88
o
c C alcu la ted  from d ire c t  values £Ht  [m+222] given in  ta b le  3.109
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-0.87 and -1.49 Kcal mol"1; respectively.
o
Using single-ion AHt data based on the Ph4AsPh4B convention given in 
o
table 3.38; AH-fc[Cl04"] values of -0.26 and -0.66 for transfer from PC to AN 
and from PC to MeN02; respectively, are obtained.
These data show that in some cases convention (b) does indeed give 
values that are close to single-ion values obtained from the Pl^AsPl^B
convention. For example, for transfers from PC to AN and from PC to MeN02
° _ o
the AHt [K+222]CIO4" and AHt [CIO4"] values are close. However, the values
0 , _  o
for AHfc[Na 222]clC>4 and AHt [Cl04 ] for transfer from PC to each of the
solvents AN and MeN02 are not and need to be rechecked . Consequently, it
o
is felt that although the AHt [M 2 2 2] values for transfer among dipolar 
aprotic solvents seem to be close to zero,further experimental evidence is 
required.
3.3.3 Standard Free Energies of Transfer of Cryptand 222 from Water to 
Various Solvents
The standard free energy for transfer of cryptand 222 from water to
nitromethane was obtained by distribution method using tetradecane/nitro-
methane and tetradecane/water as pairs of immiscible solvents. A value of
0.3259 for partition coefficient of cryptand 222 for tetradecane/nitro-
methane was obtained in this work. When combined with partition
coefficient of 0.0129 for tetradecane/water reported in literature1 28 gives
a value of 0.0396 as coefficient for the partition nitromethane/water. 
o
Using AGt = -RTln P; where P is the partition coefficent of
1  0cryptand 222 for nitromethane/water a value of 1.91 Kcal mol" 1 for AG.j-1222] 
from water to nitromethane is obtained.
corresponding values fo r  Ah^[Na+222]CIO4" from PC to  AN and PC to  MeN02 a re
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[222](pure water) --- >[222](pure nitromethane) (3.39)
and seems to slightly differ from the partition coefficient for the process 
(3.40)
[222](H20 satd. M6N02) -- > [222](MeN02 satd. H20) (3.40)
as mutual solubility of nitromethane and water is somewhat high. Indeed, a
value of 0.02457 for partition coefficient of process (3.40) was obtained
o .giv* ing AG^.[222] = 2.2 Kcal mol 1.
Table 3.112 lists standard free energy of transfer of cryptand 222
o
from water to nitromethane as well as corresponding AGt values for the
transfer of cryptand 222 from water to DMF, Me2SO, PC and AN.
o
For transfer to DMF, Me2SO and AN values of AGfc[222] obtained by Cox
and coworkers118 from solubility measurements of perchlorate salts of
o
potassium cryptates are given together with AGt [222] values obtained the
same method by Danil de Namor187 for transfers to DMF, Me2SO and PC. The 
o
AGt [222] values obtained by these two sets of workers for transfer to DMF
and Me2SO are in good agreement and the average of these two sets of data
o o
is chosen for evaluating AGt [M+222] values. Comparison of AGt [222] data
for transfers from water to DMF, Me2S0, PC, AN and MeN02 in table 3.112
o
illustrates that AGt [222] values are small and positive in contrast to the 
o
large AHt+ 2221 values for transfer from water to the corresponding 
solvents.
o
The AGt [222] values differ slightly from each other and it is felt 
o
that averaging AGt [2 2 2] data for transfer from water to various solvents is 
somewhat unjustified at this stage and requires more accurate experimental 
work.
. oFurthermore, in considering the difference in the AGt [222] values for 
water - pure nitromethane and MeN02 saturated water - water saturated MeN02 
systems, the solubility of water in nitromethane and vice versa could be of
The p a r t i t io n  c o e f f ic ie n t  of 0.0396 i s  fo r  the  p rocess (3 .39)
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N,N-dimethyIformamide, dimethylsulphoxide, propylene carbonate,
Table 3.112 Free en erg ies  of t r a n s f e r  of cryptand 222 from w ater to
acetonitrile and nitromethane in Kcal mol" 1 at 298 K
o
AGt [222]
a a a b dH20 — > DMF H20 -^Me2SO h2o— >pc h 2o — H2° “->MeN02
1.52 1.57 1.90 1 .1 0 1.91
b b e1.60 1.51 1.24 - 2 .2
c c
1.56 1.54 - - -
a From ref. 118 obtained from solubility data of [M+222]Cl04" salts 
b From ref. 187 obtained from solubility data of perchlorate salts of 
potassium cryptates
°c Average values of (a) and (b) used in calculating AGt [M+222] water to DMF 
and water to Me2S0 using eqn. 1.18 in terms of AG° (tables 3.114 and 
3.115)
d Value calculated from molar partition coefficient; n-tetradecane/ 
nitromethane = 0.3258 obtained in this work (table 2.6) and 
n-tetradecane/water = 0.0129 (ref. 128) 
e Value calculated from partition experiments between water saturated MeN02 
and MeN02 saturated water (table 2.7) determined in this work
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saturated phases is not very much. If the solubility of water in MeN02 and
vice versa was the same, the partition coefficient of [2 2 2] in both systems
would be expected to be similar; whereas if the solubility of water in
MeNC>2 was considerable, the water saturated solvent having a stronger
dipolar character acts as a mild hydrogen bond donor. As a result there
could be a slight shift in the partition of cryptand 222 in favour of the
o
organic phase and consequently, AGt [222] would be more negative for the
water (saturated nitromethane) - nitromethane (saturated water system) than
that for the partition of the same ligand between the two pure solvents.
The solubility of MeN02 in water (10%) is much higher than that of
water in MeN02 (2%)231. Consequently, AGt [222] for MeN02 saturated
H20 - H20 saturated MeN02 system is expected to be higher;more positive 
o
than AGt [222] value for the water - pure nitromethane system. This agrees
A °with the experimental results obtained, where AGt [222] for pure water: pure 
nitromethane and saturated water: water saturated MeN02 Systems are 1.91 
and 2.2 Kcal mol"1; respectively.
3.3.4 Free Energies of Transfer of Alkali--Metal and Silver Cryptates
Data for the standard free energies of complexing of alkali-metal and
silver cations with cryptand 222 in DMF, Me2SO, PC, AN and MeN02 given in
o
table 3.79 are now combined with the corresponding values for A G C in water, 
o
AGj. for the transfer of cryptand 222 (table 3.112) and metal cations from
water to DMF, Me2SO, PC, AN and MeN02 (table 3.113) to yield standard free
energies for transfer of metal ion cryptates; [M+222] from water to the
o
respective solvent using eqn. (1.18) in terms of A g . Details are given in 
tables 3.114 - 3.118.
o
re lev an ce , although th e  d iffe ren c es  found between th e  AGp fo r the  pure and
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Table 3.114 Free energ ies of t r a n s fe r  (molar sca le ) of m eta l-ion  c ry p ta te s
(Ph4As+/Ph4B" convention) from w ater to  N,N-dimethylformamide
in  Kcal mol" 1 a t  298 K
° a * °  C  0 4 - d  °cation AGC Agc AGt [222] AGt [M+] AGt [M+222]
(H20) (DMF)
Na+ -5.42 -8.25 1.56 -2.29 -3.56
K+ -7.45 -10.83 1.56 -2.44 -4.26
Rb+ -5.78 -9.18 1.56 -2.32 -4.16
Cs+ -1.97 -2.91 1.56 -2.58 -1.96
Ag+ -13.10 -13.71 1.56 -4.11 -3.16
a Values from table 3.79 (ref. 128) 
b Values from table 3.79 (ref. 118)
c Average value of 1.60 Kcal mol" 1 (ref. 118) and 1.52 Kcal mol-1 obtained
from solubility data of [K+2223C104" in DMF (ref. 187)
,  o
d The AGt [M ] (H20 —^ DMF) values from table 3.113
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Table 3.115 Free energ ies  of t r a n s fe r  (molar sca le ) of m eta l-ion  c ry p ta te s
(Ph4As+/Ph4B" convention) from w ater to  dim ethylsulphoxide in
Kcal mol" 1 a t  298 K
cation
o a 
Ag c
(H20)
A  °  b  ^ c
(Me2SO)
o c 
AGt[222] o j. d A G t [M ]
o
AGt [M‘
Na+ -5.42 -7.30 1.54 -3.20 -3.54
K+ -7.45 -9.53 1.54 -3.13 -3.67
Rb+ -5.78 -7.88 1.54 -2.49 -3.05
Cs+ -1.97 -1.94 1.54 -3.06 -1 .49
Ag+ -13.10 -9.85 1.54 -7.92 -3.13
a From table 3.79 (ref. 128)
k From table 3.79 (ref. 118)
c From table 3.112. Average value of 1.51 Kcal mol" 1 (ref. 118) and 1.58
Kcal mol" 1 obtained from solubility data of [K+222]Cl04" salts (ref. 118) 
. o o
d AGt [m+3 values from table 3.113 (ref. 203) except AGt [Ag+] = 7.92 Kcal 
mol" 1 obtained from data given in ref. 205
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T able 3.116 Free energ ies  of t r a n s fe r  (molar sca le ) o f m eta l-ion  c ry p ta te s
(Ph4As+/Ph4B-  convention) from w ater to  propylene carbonate in
Kcal mol" 1 a t  298 K
o a o b o c o d o
cation AGC AGC AGt [222] AGt [M+] AGt [M+222]
(H20) (PC)
Li+ -1.34 -9.47 1.90 5.51 -0.72
Na+ -5.42 -14.38 1.90 3.21 -3.85
K+ -7.45 -15.20 1.90 1.31 -4.54
Rb+ -5.78 -12.31 1.90 0.41 -4.22
Cs+ -1.97 -5.59 1.90 -0.39 -2 .1 1
Ag+ -13.10 -22.25 1.90 4.31 -2.94
a From table 3.79 (ref. 128) except
o
for AGC [Li+222] = -1.34 Kcal mol" 1
(ref. 118)
b From table 3.79
c From table 3.112. Direct value from solubility data of [K+222]C104"
salts in PC (ref. 118)
, od The AGt [M+] (H20— $ PC) values from table 3.113
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Table 3.117 Free energies of transfer (molar scale) of metal-ion cryptates
(Ph4As+/Ph4B“ convention) from water to acetonitrile in
Kcal mol” 1 at 298 K
cation ,  0  3  A  °  bAgc A g c
o c 
AGt [222] ° d AGt [M+]
o
AGt [M+222)
(H20) (AN)
Li+ -1.34 -9.53 1 ,1 0 7.19 0 .10
Na+ -5.42 -13.14 1 .1 0 3.43 -3.19
K+ -7.45 -15.02 1 .1 0 1.75 -4.72
Rb+ -5.78 -12.96 1 .1 0 1.57 -4.51
Cs+ -1.97 -6 .2 1 1 .1 0 0.98 -2.16
Ag+ -13.10 -12.38 1 .1 0 -5.51 -3.69
a From table 3.79 
k From table 3.79 
c From table 3.112 (ref. 187)
A  °  4- 1 °a AGt [Li 3 = 7.19 Kcal mol" 1 from ref. 203 and values f or AGt [m+] for M+ = 
Na+, K+, Rb+, Cs+ and Ag+ from data given in ref. 205 and given in table 
3.113
289
Table 3.118 Free energies of transfer (molar scale) of metal-ion cryptates
(Ph4As+/Pli4B“ convention) from water to nitromethane in Kcal mol" 1 
at 298 K
ob o ' -  o ^ o
cation A G C AG c AGt [222] AGt [M+] AGt [M+222]
(H20) (MeN02)
Li+ -1.34 -15.68
Na+ -5.42 -18.50
K+ -7.45 -17.16
Rb+ -5.78 -14.05
Cs+ -1.97 -6.96
Ag+ -13.10 -24.16
e1.91 12.05 CDCO•01
1.91 7.55 -3.62
1.91 3.69 -4.11
1.91 2.64 -3.72
1.91 1.35 -1.73
1.91 6 . 2 0 -2.91
a Values from table 3.79
b This work, (table 3.79)
c This work, (table 3.112) 
a  °a This work, table 3.3 except AGt [Ag+] from table 3.6 (ref. 198) 
e Ref. 203
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cryptates from water to DMF, Me2S0, PC, AN and MeN02 are summarised in
o
table 3.119. All AG-j- values for [M+222) cryptates are negative indicating
that the cryptates are more stable in any of the dipolar aprotic solvents
• othan in water, thus behaving like a hydrophobic ion with AGt most 
favourable for [K+222) cryptate in each solvent.
This is a particularly interesting feature especially in nitromethane 
where despite that the stability of [Na+222] cryptate is greater than that 
of the other alkali metal cryptates including [K+222] cryptate complex, the 
latter seems to be slightly more favourably transferred to nitromethane 
than the [Na+222] cryptate complex. As suggested by different authors127'
128,118^ free energies for the transfer of metal-ion cryptates from water to 
each of the dipolar aprotic solvents DMF, Me2S0, PC, AN and MeN02 vary with 
the central cation. This would imply that in transfers from water 
conventions (a) and (b) are not valid in terms
AG°[m+222] = Ag °[222] (a)
AG°[M+222] « 0 (b)
of &G° since they require that identity (c), for different metal cations to 
hold.
o + . o +
AGt [M1222] - AGt [M2222-] (c)
o
However, for a given cation AGt [M+222] for transfer from water to a
given solvent are constant independent of the solvent. For example,
AGt [Na+222] values from water to DMF, Me2S0, PC, AN and MeN02 are -3.56,
-3.54, -3.85, -3.19 and -3.58 Kcal mol-1,* respectively (table 3.119).
o
This is further illustrated in table 3.120 where AGt values for 
transfer of metal-ion cryptates from propylene carbonate to the other
The standard  f re e  en erg ies  fo r  th e  t r a n s fe r  of a lk a li-m e ta l and s i lv e r
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Table 3.120 Free energ ies of t r a n s f e r  (molar sca le ) of m eta l-ion  c ry p ta te s
(Ph4As+/Ph 4B“ convention) and cryptand 222 from propylene
carbonate to  d if f e r e n t  so lv en ts  in  Kcal mol-1 a t  298 K
oa
AGt
cation PC— > DMF P C — >Me2SO PC— >AN PC~^MeN02
[Li+222] - - 0.82 0.34
[Na+222] 0.29 - 0.31 0 .6 6 0.23
[K+222] 0.28 0.87 -0.18 0.43
[Rb+222] 0.06 1.17 -0.29 0.50
[Cs+222] 0.15 0.62 ino.01 0.38
[Ag+222] -0.22 -0.19 -0.75 0.03
Cryptand 222 -0.34 -0.36 o03•01 0 .0 1
o o
a Calculated from AGt [M+222] and AGt [222] values from water to the respective 
solvent (table 3.119)
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dipolar aprotic solvents DMF, Me2S0 , AN and MeN02 are calculated.
o
Considering the AGt [M+222] data given in table 3.120 for transfers
o
among dipolar aprotic solvents,little if any variation of AGt values are 
shown with values of AG^ . [M+222] very close to zero Kcal mol-1 in several 
cases. That is for transfers among dipolar aprotic solvent identity (c) 
seems to hold, and it is now possible to proceed with testing conventions
(a) and (b) in terms of AG°. For transfers among dipolar aprotic solvents
conventions (a) and (b) are tested in table 3.121. As can be clearly seen 
o
from AGt data in this table, convention (a) is valid. Regarding convention
(b), most AGt [M+222] values are within the experimental error close to 
zero.
Cox et al216 have reported the stability constants of a number of 
metal-ion cryptates with cryptand 222 in various dipolar aprotic solvents, 
(DMF, Me2SO, PC, AN, MeN02 and Me2C0) and found a correlation between 
stability constants of [M+22] and [M+222] for Cs+, Ag+ and Tl+.
.These authors also reported free energies of transfer of the metal-ion
. ocryptate [M‘r22] complexes from AN to these solvents. The AGt [M+22] values
for transfer from AN ho ; DMF, PC and Me2CO were found to be close to zero
o o
with the exception of AGt [M+22] values from AN to Me2SO, (AGt [M+22] = 2
Kcal mol-1)
o
For comparison, AGt [M+22] data for transfer from AN to DMF, Me2SO, PC
o
and MeN02 together with AGt [M+222] for transfer from AN to the
corresponding solvents are given in table 3.122.
The data shows that the behaviour of [M+22] cryptate complex in
transfers from AN to Me2SO, and to MeN02 differs considerably from that of
[M+222] cryptate complex. Furthermore, in contrast to that for tranfers of
o
[M+222] cryptates among the dipolar aprotic solvents,AGt [M+22] values for 
transfer from AN to MeN02 would appear to be dependent on the metal
c a tio n . The f re e  energ ies  of t r a n s fe r  of cryptands, [22] and [222] from AN
294
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t o  t h e  d i p o l a r  a p r o t i c  s o l v e n t s  D M F, M e2SO, PC a n d  M eN 02 a r e  c lo s e  t o  z e r o  
a n d  i n  t h i s  r e s p e c t  t h e  u n c o m p le x e d  l ig a n d s  seem  t o  show s i m i l a r  b e h a v io u r .
3 . 3 . 5  E n t r o p i e s  o f  T r a n s f e r  o f  M e t a l - i o n  C r y p t a t e s
I t  i s  now p o s s i b l e  t o  c o m b in e  t h e  f r e e  e n e r g ie s  a n d  e n t h a l p i e s  f o r  t h e
t r a n s f e r  o f  a l k a l i - m e t a l  a n d  s i l v e r  c r y p t a t e s  t o  o b t a i n  t h e  c o r r e s p o n d in g
e n t r o p i e s  f o r  t r a n s f e r  f r o m  w a t e r  t o  t h e  v a r io u s  d i p o l a r  a p r o t i c  s o l v e n t s ,
DM F, M e2SO , P C , AN a n d  M eN 02 . D e t a i l s  a r e  g iv e n  i n  t a b l e  3 . 1 2 3 .
As show n i n  t h i s  t a b l e ,  t h e  t r a n s f e r  o f  a l l  m e t a l - i o n  c r y p t a t e s ,
[M + 2 2 2 ] f r o m  w a t e r  t o  e a c h  o f  t h e s e  s o l v e n t s  i s  f a v o u r a b l e  i n  te r m s  o f  
o
e n t r o p y ,  (A S t  v a lu e s  a r e  l a r g e  a n d  p o s i t i v e ) .
As o b s e r v e d  i n  te r m s  o f  e n t h a l p y  a n d  f r e e  e n e r g y ,  t h e  m e t a l - i o n
c r y p t a t e s  seem  t o  r e s e m b le  t h e  h y d r o p h o b ic  i o n s ,  (R 4N + i o n s )  r a t h e r  t h a n
t h e  s im p le  u n c o m p le x e d  i o n s .  F u r t h e r m o r e  i t  c a n  b e  s e e n  f r o m  t h e  e n t r o p y
d a t a  g iv e n  i n  t a b l e  3 .1 2 3  t h a t  t h e  d e c r e a s e  i n  f r e e  e n e r g y  f o r  t r a n s f e r
f r o m  w a t e r  t o  s o l v e n t s  DM F, M e2S O , P C , AN a n d  M eN02 o f  t h e  m e t a l - i o n
c r y p t a t e s  i s  p r e d o m in a n t ly  d u e  t o  t h e  e n t r o p y  t e r m ;  w h i l e  t h e  t r a n s f e r  i n
o
t e r m s  o f  e n t h a lp y  i s  u n f a v o u r a b le  (A H t  p o s i t i v e ) .
S i m i l a r l y ,  as  o b s e r v e d  i n  te r m s  o f  e n t h a lp y  a n d  f r e e  e n e r g y ,  t h e
e n t r o p i e s  o f  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  v a r i e s  w i t h  t h e  c e n t r a l  m e t a l
i o n  f r o m  w a t e r  t o  t h e s e  d i p o l a r  a p r o t i c  s o l v e n t s .
o
A lt h o u g h  t h e  A S t  f o r  [M + 2 2 2 ] ,  (M + =  L i + ,  N a + ,  K + , R b + ) a r e  q u i t e  
c o n s t a n t  i n  t r a n s f e r s  f r o m  w a t e r  t o  d i p o l a r  a p r o t i c  s o l v e n t s ,  t h e  e n t r o p ie s  
o f  t r a n s f e r  o f  [C s + 2 2 2 ]  a n d  [A g + 2 2 2 ]  c r y p t a t e s  a r e  lo w e r  t h a n  t h a t  o f  t h e  
o t h e r  c r y p t a t e s  i n  t r a n s f e r s  f r o m  w a t e r  t o  DM F, M e2SO , PC a n d  A N . I t  i s  
a l s o  n e c e s s a r y  t o  p o i n t  o u t  t h a t  t h e  e n t r o p y  o f  t r a n s f e r  f o r  t h e  f r e e  
l i g a n d  ( c r y p t a n d  2 2 2 ) ,  f r o m  w a t e r  t o  DM F, Me2S O , P C , AN a n d  M eN 02 a r e  a b o u t
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Table 3.123 Thermodynamic param eters fo r  t r a n s fe r  of m eta l-ion  c ry p ta te s
(Ph4As+/Ph4B“ convention) and cryptand 222 from w ater to
d if f e r e n t  so lv en ts  a t  298 K
c a t i o n AGt/Kcal mol-1 ^ H t/Kcal mol"1 AS.j-/cal K " 1 mol"1
[N a +  2 2 2 ]  
[K+ 2 2 2 ] 
[ R b +  2 2 2 ]
[C s+  2 2 2 ]
[A g  2 2 2 ]  
c r y p t a n d  222
• 3 .5 6  
■ 4 .2 6  
• 4 .1 6  
•1 .9 6  
• 3 .1 6  
1 .5 6
h 2 o  - > d m f  
4 . 3 5  
3 . 2 6  
3 . 6 7
3 . 4 2  
2 . 0 9  
1 4 .1 7
2 6 .5
2 5 . 2
2 6 . 3  
1 8 .1
1 7 .6
4 2 . 3
[N a +  222 ]
[K+ 2 2 2 ]
[R b +  222 ] 
[C s +  222 ] 
[A g+  2 2 2 ]  
c r y p t a n d  222
• 3 .5 4  
• 3 .6 7  
• 3 .0 5  
■ 1 .4 9  
■ 3 .1 3  
1 .5 4
H20  •—> M e 2 SO 
4 .7 5
3 . 0 2
4 . 0 4  
3 .4 0  
2 . 0 1
1 4 .4 2
2 7 . 8  
2 2 . 4
2 3 . 8  
1 6 .4
1 7 .2
4 3 . 2
/Contd.
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Table 3.123 continued
c a t i o n
o
A G t / K c a l  m o l-1 ° 1 bA .H -t /K c a l m o l ' ° 1 A S t / c a l K -1  m o l-1
[ L i+  2 2 2 ]  
[N a +  2 2 2 ]
[K+ 2 2 2 ]
[R b +  222 ] 
[C s +  2 2 2 ]  
[Ag+  2 2 2 ]  
c r y p t a n d  222
- 0 .3 5  
■ 3 .8 5  
- 4 .5 4  
- 4 .2 2  
-2 . 1 1  
- 2 .9 4  
1 .9 0
h 2o —t-P C  
7 . 5 8  
4 . 0 2  
3 . 2 9  
3 .7 5  
3 . 0 8  
1 .5 0  
1 4 .1 5
2 6 . 6
2 6 . 4
2 6 . 3  
2 6 . 7
1 7 .4  
1 4 .9  
4 1 .1
[ L i +  222 ]
[N a +  2 2 2 ]
[K +  2 2 2 ]
[R b+  222 ] 
[C s +  2 2 2 ]  
[A g +  2 2 2 ]  
c r y p t a n d  222
0 . 4 7  
- 3 .1 9  
- 4 .7 2  
- 4 .5 1  
- 2 . 1 6  
- 3 . 6 9  
1 . 1 0
h 2 o  - > A N  
8 . 2 1
3 .5 7  
2 .9 0  
3 .2 7
2 . 5 7  
1 .2 0
1 3 .7 8
2 6 . 0
2 2 . 7
2 5 . 6
2 6 .1
1 5 .9
1 6 .4
4 2 . 5
/Contd
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Table 3.123 continued
cation AG^/Kcal mol"1 AHt/Kcal mol"1 ASt/calK"1 mol"1
H2o  ~ + M e N 0 2
[ L i +  2 2 2 ]
0
0
C
O
01 7 .2 1 2 5 . 5
[N a +  2 2 2 ] - 3 . 6 2 3 .2 4 2 3 . 0
[K+  2 2 2 ] - 4 . 1 1 3 .0 8 2 4 .1
[R b +  2 2 2 ] - 3 . 7 2 2 .9 2 2 2 . 3
[C s+  2 2 2 ] - 1 . 7 3 2 .3 5 1 3 .7
[ A g +  2 2 2 ] - 2 . 9 1 - -
c r y p t a n d  2 2 2 1 .9 1 1 3 .4 2 3 8 . 6
a  F ro m  t a b l e  3 .1 1 9  a n d  A G ^ 2 2 2 ! v a lu e s  f r o m  t a b l e  3 .1 1 2
y , ©
13 F ro m  t a b l e  3 .1 0 9  a n d  AHt  [2 2 2 ]  v a lu e s  f ro m  t a b l e  3 . 8 8
o , o
c C o m b in a t io n  o f  AH t [M ^ 2 2 2 ] a n d  c o r r e s p o n d in g  AGt  [m + 2 2 2 ]  f r o m  H2 0  t o  DM F,
Me2SO, PC, AN and MeN02 given in  th i s  ta b le
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4 0  c a l  K" 1 m o l" 1 a n d  a r e  c o n s i d e r a b l y  m o re  p o s i t i v e  t h a n  A S t  v a lu e s  f o r  t h e  
m e t a l - i o n  c r y p t a t e s  i n  t r a n s f e r s  f ro m  w a t e r  t o  t h e s e  s o l v e n t s .
C o n s e q u e n t ly ,  i t  i s  c l e a r  t h a t  i n  te r m s  o f  e n t r o p y ,  t h e  c o n v e n t io n s  ( a )  a n d
( b )
o o
A S t [M + 2 2 2 ] =  Ast [ 2 2 2 ]  ( a )
AS^ [M + 222 ] =  0 ( b )
d o  n o t  h o l d  f o r  t r a n s f e r s  f r o m  w a t e r  t o  t h e  d i f f e r e n t  d i p o l a r  a p r o t i c  
s o l v e n t s .
I t  h a s  b e e n  p r e v i o u s l y  show n i n  s e c t i o n  3 . 2 . 6 ,  t h a t  t h e  e n t r o p ie s  o f  
c r y p t a t e  f o r m a t io n  o f  g a s e o u s  c a t io n s  ( t a b l e  3 . 8 2 )  a r e  c o n s t a n t  i n  t h e  
v a r i o u s  d i p o l a r  a p r o t i c  s o l v e n t s ,  DM F, Me2S 0 , P C , AN a n d  M eN 02 . A l s o ,  
s i n c e  t h e  e n t r o p i e s  o f  t r a n s f e r  o f  c r y p t a n d  222 am ong t h e  d i p o l a r  a p r o t i c  
s o l v e n t s  seem s t o  b e  c l o s e  t o  z e r o ,  i t  i s  e x p e t e d  s o m e w h a t t h a t  t h e  
e n t r o p i e s  o f  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  am ong t h e  d i p o l a r  a p r o t i c  
s o l v e n t s ,  DM F, M e2S 0 ,  P C , AN a n d  M eN 02 w o u ld  a l s o  b e  c lo s e  t o  z e r o .  I n  
t a b l e  3 .1 2 4  a r e  g iv e n  t h e  e n t r o p ie s  f o r  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  
f r o m  PC t o  t h e  o t h e r  d i p o l a r  a p r o t i c  s o lv e n t s  DM F, M e2S 0 , PC a n d  A N . A s  
o b s e r v e d  i n  t h i s  t a b l e  t h e  A s °  v a lu e s  f o r  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  
f r o m  PC t o  t h e  v a r i o u s  s o l v e n t s  a r e  v e r y  c lo s e  t o  z e r o  in d e e d .  F o r  
t r a n s f e r  am ong d i p o l a r  a p r o t i c  s o lv e n t s  t h e  i d e n t i t y  ( c )  i n  te r m s  o f  
e n t r o p y  a p p e a r s  t o  h o l d .
o  +  o  +
A S t [M 12 2 2 ]  =  A s t [M2 2 2 2 ]  ( c )
C o n s e q u e n t ly ,  t h e  c o n v e n t io n s  ( a )  a n d  ( b )  i n  t e r m s  o f  e n t r o p y  a r e  
t e s t e d  i n  t a b l e  3 . 1 2 5  f o r  t r a n s f e r  f r o m  PC t o  DMF, M e2S 0 ,  AN a n d  M eN 02 .
T h e  r e s u l t s  g iv e n  i n  t h i s  t a b l e  c l e a r l y  i n d i c a t e  t h a t  i n  te r m s  o f  e n t r o p y  
c o n v e n t io n s  ( a )  a n d  ( b )  seem  t o  be f u l f i l l e d  f o r  t r a n s f e r s  am ong d i p o l a r
T a b le  3 . 1 2 4  T h e rm o d y n a m ic  p a r a m e t e r s  f o r  t r a n s f e r  o f  m e t a l - i o n  c r y p t a t e s  
(P h 4A s + /P h 4B~ c o n v e n t io n )  a n d  c r y p t a n d  222 u s in g  p r o p y le n e  
c a r b o n a t e  as  r e f e r e n c e  s o l v e n t  a t  2 9 8  K
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c a t i o n
o o o
AGt /K c a l m ol-1 AHt /K c a l mol-1 A s t / c a l  K~1 m ol“ 1
[N a +  2 2 2 )
[K+ 2 2 2 ]
[R b+  2 2 2 ]  
[C s+  2 2 2 ]  
[Ag+ 2 2 2 ] 
c r y p t a n d  222
0 . 2 9
0 . 2 8
0 . 0 6
0 .1 5
■0 . 2 2
■ 0 .3 4
PC —>DM F
0 .3 3
- 0 . 0 3
- 0 . 0 8
0 . 3 4
0 .5 9
0.02
0.1
- 1 . 1
- 0 . 4
0 . 7
2 . 7
1 . 2
[N a+  222]
[K+  2 2 2 ]
[ R b +  2 2 2 ]  
[C s+  2 2 2 ]  
[Ag+ 222] 
c r y p t a n d  222
0 .3 1  
0 .8 7  
1 .1 7  
0 . 6 2  
■ 0 .1 9  
■ 0 .3 6
PC —>M e2S0  
0 .7 3  
- 0 . 2 7  
0 . 2 9  
0 .3 2  
0 .5 1  
0 .2 7
1 .4
- 3 . 9
- 2 . 9
- 1 . 0
2 . 3
2 . 1
/Contd
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Table 3.124 continued
c a t i o n AG t / K c a l  m o l " '
o o '
A H t /K c a l  m o l" 1 A S ^ /c a l  K " 1 m o l" 1
[ L i +  2 2 2 ]  
[N a+  2 2 2 ]
[K+ 2 2 2 ]
[R b +  222 ] 
[C s +  2 2 2 ]  
[A g+  2 2 2 ]  
c r y p t a n d  222
0 . 8 2
0.66
- 0 .1 8
- 0 .2 9
- 0 . 0 5
- 0 .7 5
- 0 .8 0
P C — i>AN
0 .6 3
- 0 . 4 5
- 0 . 3 9
- 0 . 4 8
- 0 . 5 1
- 0 . 3 0
- 0 . 3 7
- 0.6
- 3 . 7
- 0 . 7
- 0.6
- 1 . 5
1 . 5
1 .4
[ L i +  222 ] 
[N a +  222 ]
[K+ 2 2 2 ]
[R b +  2 2 2 ]  
[C s +  2 2 2 ]  
[A g +  2 2 2 ]  
c r y p t a n d  222
0 . 3 4  
0 .2 7  
0 .4 3  
0 . 5 0  
- 0 .1 6  
0 .0 3  
0.01
P C — ? M e N 0 2 
- 0 . 3 7  
- 0 . 7 8  
- 0.2 1  
- 0 . 8 3
0 .1 9
- 0 . 7 3
- 1 . 1
- 3 . 4
- 2 . 2
- 4 . 4
3 . 7
- 2 . 5
o , o
a  T h e  A G t [M 2 2 2 ]  a n d  AGt [2 2 2 ]  v a lu e s  f r o m  t a b l e  3 .1 2 0
y .  » °  J -  °
"  T h e  A H t[M  2 2 2 ]  a n d  AHt [2 2 2 ]  v a lu e s  f r o m  t a b l e  3 .1 1 0
_ o  . o  o
c  D e r i v e d  A S t  [M 2 2 2 ]  v a lu e s  f r o m  c o r r e s p o n d in g  AGt [M 222J  a n d  AHt [M 2 2 2 ]
values given in  th i s  ta b le
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a p r o t i c  s o l v e n t s ,  a n d  g iv e  v a lu e s  t h a t  a r e  n o t  f a r  f r o m  th o s e  o b t a in e d  
u s i n g  t h e  P h 4A sPh4B c o n v e n t io n .
3 . 4  THE EXTRACTIO N OF CA TIO NS BY CRYPTAND 2 2 2  IN  THE WATER -  PURE
NITROM ETHANE SYSTEM AT 2 9 8  K
I n  p r a c t i c e ,  s y s te m s  s u c h  as  t h e  w a t e r - m e t h a n o l ,  w a t e r - e t h a n o l  a n d  
w a t e r - a c e t o n i t r i l e  a r e  n o t  a p p l i c a b l e  t o  e x t r a c t i o n  p r o c e s s e s  d u e  t o  t h e  
m i s c i b i l i t y  o f  w a t e r  w i t h  t h e s e  s o l v e n t s .  T h is  i s  n o t  t h e  c a s e  f o r  
n i t r o m e t h a n e .  D e s p i t e  m u tu a l  s o l u b i l i t y  o f  t h i s  s o l v e n t _ w i t h  w a t e r ,  t h e  
s e p a r a t i o n  o f  t h e  s o l v e n t  l a y e r s  i n  w a t e r - n i t r o m e t h a n e  s y s te m  i s  p o s s i b l e .  
C o n s e q u e n t ly ,  a l t h o u g h  p a r t i t i o n  c o e f f i c i e n t s  f o r  t h e  p r o c e s s  ( 3 . 4 1 )
M+  +  X ”  ( p u r e  w a t e r ) M +  +  X "  ( p u r e  M eN 02 ) ( 3 . 4 1 )
a n d  p r o c e s s  ( 3 . 4 2 )
M+ +  X "  ( w a t e r  s a t d .  Me*N02 ) ------> M+ + X “  (M eN 02 s a t d .  H20 )  ( 3 . 4 2 )
w h e r e  M+  +  X “  r e p r e s e n t s  a  1 :1  e l e c t r o l y t e  c o u ld  d i f f e r ,  i t  w o u ld  b e  
i n t e r e s t i n g  t o  e v a l u a t e  s i n g l e - i o n  p a r t i t i o n  c o e f f i c i e n t s ,  a n d  th e rm o d y n a m ic  
p a r a m e t e r s  f o r  t h e  e x t r a c t i o n  o f  t h e s e  e l e c t r o l y t e s  b y  m a c r o b i c y c l i c  
l i g a n d s  s u c h  as  c r y p t a n d  222 i n  t h e  w a t e r - p u r e  n i t r o m e t h a n e  s y s te m .
F o r  t h e  p r o c e s s  g iv e n  b y  ( 3 . 4 1 )
* t
M+ ( a q )  > M+ (M eN 02 ) ( 3 . 4 3 )
t h e  s i n g l e - i o n  p a r t i t i o n  c o e f f i c i e n t s ,  K-j. f o r  w a t e r - p u r e  n i t r o m e t h a n e
o
s o l v e n t  s y s te m  a r e  o b t a in e d  f r o m  s i n g l e - i o n  AGt  v a lu e s  ( t a b l e  3 . 3 )  a n d  
g iv e n  i n  t a b l e  3 . 1 2 6 .
U s in g  t h e  s i n g l e - i o n  p a r t i t i o n  c o n s t a n t s  K t  f o r  M+ o r  X -  a n  e v a l u a t i o n  
o f  t h e  i n f l u e n c e  o f  t h e  c a t io n s  a n d  a n io n s  on t h e  e x t r a c t i o n  o f  a  1:1  
e l e c t r o l y t e  [M+ +  X “ ] c a n  b e  m ade f o r  t h i s  s o l v e n t  s y s te m ?  ( p r o c e s s  3 . 4 2 ) .
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Table 3.126 S in g le -io n  p a r t i t io n  constan ts  (molar sca le ) in  w ater + pure
nitrom ethane system a t  298 K
I o n
a
Kt I o n
a
Kt
N a + 2 . 9 3 X 1 0 " 6 C l " 2 . 5 3 X 1 0 " 7
K+ 1 .9 7 X 1 0 -3 B r “ 8 . 4 7 X 1 0 " 6
Rb+ 1 .1 6 X 1 0 " 2 I " 4 . 9 5 X 1 0 " 4
Cs+ 1 .0 2 X 1 0 ~ 1 c i o 4 " 1 .5 1 X 1 0 " 1
M e4N+ 0 . 6 4 X 1 0 1 P h 4B” 5 .2 1 X 1 0 5
E t 4N+ 6 . 2 5 X 1 0 1
P r 4N+ 3 . 1 3 X 1 0 3
P h 4P+ 7 . 5 5 X 10 5
P h 4A s + 5 .2 1 X 1 0 5
a  C a l c u l a t e d  f r o m  s i n g l e - i o n  AGt  v a lu e s  ( t a b l e  3 . 3 )
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T h e  r e s u l t s  show t h a t  f o r  e x t r a c t i o n  f r o m  w a t e r  t o  n i t r o m e t h a n e  o f  a  
1 :1  e l e c t r o l y t e  [M+ +  X “ ] c o n t a i n i n g  o n e  common a n io n ,  n i t r o m e t h a n e  w i l l  
e x t r a c t  [M+ +  X ” ] i n  t h e  f o l l o w i n g  o r d e r
N a+ Z  K+ Z  Rb+ Z  Cs+ Z -  Me4N+ Z  E t 4N+ Z  P r 4N+ Z  P h 4As+ Z  P h 4P +
Am ong t h e  v a r i o u s  c a t i o n s ,  t h e  g r e a t e s t  e n h a n c e m e n t i n  s e l e c t i v i t y  i s  
fo u n d  f o r  t h e  P h 4P + /N a +  s y s te m  by a  f a c t o r  o f  2 . 6  x  1 0 11 f o r  P h 4P +  r e l a t i v e  
t o  N a + .
F o r  t h e  e x t r a c t i o n  o f  1 :1  e l e c t r o l y t e  c o n t a i n i n g  a  common c a t i o n  a n d  
d i f f e r e n t  a n io n s  i n  n i t r c a n e th a n e ,  t h e  f o l l o w i n g  o r d e r  i s  o b s e rv e d
C l "  Z  B r "  Z  I "  Z  C 1 0 4 “  Z  P h 4B "
A g a in ,  t h e  g r e a t e s t  e n h a n c e m e n t i n  s e l e c t i v i t y  am ong t h e  a n io n s  i s  
fo u n d  f o r  t h e  P h 4B " / C l "  s y s te m  by a  f a c t o r  o f  2 .1  x  1 0 12 f o r  P h 4B " r e l a t i v e  
t o  C l " .
F o r  t h e  e x t r a c t i o n  o f  io n s  as  g iv e n  b y  t h e  p r o c e s s
M + (a q )  +  X " ( a q )  +  2 2 2 ( a q ) ~ — > [M + 2 2 2 ](M e N 0 2 ) +  X " (M e N 0 2 ) ( 3 . 4 4 )
K a  v a lu e s  f o r  t h e  m e t a l  c r y p t a t e  s a l t s  i n  t h e  o r g a n ic  p h a s e  a r e  o f  
r e le v a n c e  ( p r o c e s s  3 . 4 5 ) .
Ka
[M + 2 2 2 ] (M e N 0 2 ) +  X~(MeiN0 2 )  > [M + 2 2 2 ]X " (M e N 02 ) ( 3 . 4 5 )
I o n - p a i r  f o r m a t io n  c o n s t a n t s  f o r  a  num ber o f  m e t a l  c r y p t a t e  s a l t s  
i n v o l v i n g  I "  o r  C l 0 4 "  a s  a n io n ,  w e re  d e t e r m in e d  f r o m  c o n d u c t i v i t y  
m e a s u re m e n ts . T h e  r e s u l t s  a r e  g iv e n  i n  t a b l e  2 .1 1  a n d  show t h a t  a l l  t h e  
c r y p t a t e  s a l t s  [M + 2 2 2 ]X "  a r e  f u l l y  d i s s o c i a t e d  i n  n i t r o m e t h a n e .  H e n c e  f o r  
e x t r a c t i o n  p r o c e s s  ( 3 . 4 4 )
K e x t  =  * w  x  Kt t M +2 2 2 ]  ( H2 0  — > M eN 02 ) x  K ^ rfX " ] (H 2 0  —^MSN02 ) ( 3 . 4 6 )
I n  e q n . ( 3 . 4 6 ) ,  K e x t  a n d  r e f e r  t o  t h e  e x t r a c t i o n  c o n s t a n t  a n d  
c o m p le x  f o r m a t io n  c o n s t a n t  i n  w a t e r  o f  m e t a l - i o n  w i t h  c r y p t a n d  2 2 2 .
K t [M + 2 2 2 ] a n d  K t [X " ]  r e f e r  t o  p a r t i t i o n  c o e f f i c i e n t s  o f  m e t a l - i o n  c r y p t a t e  
a n d  t h a t  o f  t h e  a n io n ;  r e s p e c t i v e l y .  A l l  t h e  d a t a  a r e  g iv e n  i n  t a b l e
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3 . 1 2 7 .  K t  [M + 2 2 2 ] w e re  c a l c u l a t e d  f r o m  &Gt  v a lu e s  f o r  t h e  t r a n s f e r  o f  
c o r r e s p o n d in g  m e t a l - i o n  c r y p t a t e s  f r o m  w a t e r  t o  n i t r o m e t h a n e ,  a n d  K e x t  f r o m  
e q n .  3 . 4 6 .  A ls o  g iv e n  i n  t h i s  t a b l e  a r e  t h e  p a r t i t i o n  c o e f f i c i e n t s  
K t [M+ +  X " ]  (M+ *= L i + ,  N a + ,  K + ,  R b + , C s+  a n d  X “  =  I " ,  C 1 0 4 " )  i n  t h i s
s o l v e n t  s y s te m .
A l l  K e x t  v a lu e s  a r e  much g r e a t e r  th a n  K j.[M +  +  X “*3 a s  a l l  t h e  
e l e c t r o l y t e s  a r e  e x t r a c t e d  i n t o  t h e  o r g a n ic  p h a s e  b y  c r y p t a n d  2 2 2 .
F ro m  t h e  r e s u l t s  g iv e n  i n  t a b l e  3 . 1 2 7 ,  i t  seem s t h a t  am ong t h e  
a l k a l i - m e t a l  c r y p t a t e s ,  [K + 2 22 ] c r y p t a t e  h a s  t h e  l a r g e s t  e x t r a c t i o n  
c o n s t a n t .
T h e  s e l e c t i v i t y  show n b y  t h e  l i g a n d  to w a rd s  t h e  e l e c t r o l y t e ,  [M+ +
X " ]  , f r o m  w a t e r  t o  n i t r o m e t h a n e  c a n  b e  q u a n t i t a t i v e l y  e v a l u a t e d  a n d  show s  
t h a t  am ong t h e  a l k a l i - m e t a l  i o n s ,  t h e  l a r g e s t  e n h a n c e m e n t i n  s e l e c t i v i t y  
d u e  t o  t h e  p r e s e n c e  o f  c r y p t a n d  222 i s  o b s e r v e d  f o r  t h e  p a i r  o f  io n s ,  
N a + /C s + .
From t a b l e  3 . 1 2 7 ,  K t [ N a + ] /K t  [C s + ] =  2 . 9  x  1 0 " 8 a n d  K e x t ( N a + ) / K e x t (C s + )  
=  7 . 5  x  1 0 3 ; t h e  r a t i o  g i v i n g  t h e  e f f e c t  o f  t h e  l i g a n d  on t h e  c h a n g e  i n  
s e l e c t i v i t y ;  b e in g  i n  f a v o u r  o f  N a +  w i t h  r e s p e c t  t o  C s +  b y  a  f a c t o r  o f  
2 .6  x  108 .
I n  e v a l u a t i n g  t h e  i n f l u e n c e  o f  t h e  a n io n  o n  t h e  e x t r a c t i o n  o f  c a t io n s  
i n  t h e  w a t e r - p u r e  n i t r o m e t h a n e  s y s te m , i t  ca n  b e  s e e n  t h a t  t h e  e x t r a c t i o n  
i s  m o re  f a v o u r a b l e  b y  a  f a c t o r  o f  a b o u t  3 x  1 0 2 w h e n  C 1 0 4 “  i s  t h e  a n io n  
i n s t e a d  o f  I - .
P r o v id e d  t h a t  [ M + 2 2 2 ] X " ,  (X “  =  P h 4B " )  a r e  f u l l y  d i s s o c i a t e d  i n  
n i t r o m e t h a n e ,  i t  w o u ld  b e  e x p e c t e d  a s  m e n t io n e d  e a r l i e r  o n , t h a t  t h e  P h 4B”  
w i l l  i n c r e a s e  t h e  e x t r a c t i o n  b y  a  f a c t o r  o f  a b o u t  1 x  1 0 9 a n d  3 . 5  x  1 0 6 
w i t h  r e s p e c t  t o  I "  a n d  C 1 0 4 ” ; r e s p e c t i v e l y .
C o n s id e r in g  p r o c e s s  ( 3 . 4 4 ) ,  w i t h o u t  t a k i n g  i n t o  a c c o u n t  t h e  a n io n ,  as  
t h e  [M + 2 2 2 ] f o r  t r a n s f e r  am ong d i p o l a r  a p r o t i c  s o l v e n t s  do n o t  d i f f e r
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m u c h , i t  w o u ld  b e  e x p e c t e d  t h a t  t h e  e x t r a c t i o n  o f  c a t io n s  i n  a n y  
w a t e r - d i p o l a r  a p r o t i c  s o l v e n t  w o u ld  b e  s i m i l a r .
T h e  th e rm o d y n a m ic  p a r a m e t e r s  f o r  p r o c e s s  ( 3 . 4 4 )  i n  t h e  w a t e r - p u r e  
n i t r o m e t h a n e  s y s te m  c a n  a l s o  be o b t a in e d .  T h e  v a lu e s  f o r  A G ^ , A h °  a n d  ASj3; 
( p r o c e s s  3 . 4 4 )  a r e  g iv e n  i n  t a b l e  3 . 1 2 8  f o r  [M + 2 2 2 ] +  [ X " ] ,  (M + =  L i + ,  N a + ,  
K + , R b + , C s + ; X "  =  C 1 0 4 " ,  I ” ) .
T h e  A G ^  v a lu e s  f o r  e x t r a c t i o n  o f  e l e c t r o l y t e s  b y  c r y p t a n d  2 2 2  i s  
o b t a in e d  f r o m  K e 3C t[ M + 2 2 2 ]X " .  F o r  t h e  e x t r a c t i o n  p r o c e s s  ( 3 . 4 4 ) ,  t h e  
e n t h a l p y  t e r m  A H ^  i s  g iv e n  b y
A H ^ .=  A H °  +  A H ° [M + 2 2 2 ]  +  Ah ° [ X " ]
o
w h e r e  r e f e r s  t o  t h e  e n t h a l p y  o f  c o m p le x in g  o f  m e t a l - i o n  c r y p t a t e s  i n  
o o
w a t e r  a n d  A H t [M 222 ] ,  A H t [x ” ] r e f e r  t o  e n t h a l p i e s  o f  t r a n s f e r  o f  m e t a l - i o n  
c r y p t a t e s  a n d  u n c o n p le x e d  io n s ;  r e s p e c t i v e l y .
F ro m  t h i s  t a b l e ,  i t  i s  s e e n  t h a t  t h e  e x t r a c t i o n  o f  [M + 222 ] +  [X “ ] ,
(M + =  N a + ,  K + ,  R b + , C s + ; X ”  =  I ” , C IO 4 ” ) i s  e n t h a l p i c a l l y  f a v o u r a b l e  (A H ° t  
n e g a t i v e ) ,  a n d  e n t r o p i c a l l y  u n f a v o u r a b le .  T h e  r e v e r s e  i s  t r u e  f o r  
e x t r a c t i o n  o f  [ L i + 2 2 2 ] C l 0 4 " .
A s r e g a r d s  t o  t h e  s e l e c t i v i t y ,  t h e  e n t h a lp y  t e r m  i n  t h e  e x t r a c t i o n  
p r o c e s s  seem s t o  be d o m in a n t .  T h a t  i s  f o r  N a + /K +  p a i r  o f  i o n s ,  t h e  
e x t r a c t i o n  o f  K +  i s  i n  te r m s  o f  e n t h a lp y  f a v o u r e d  b y  a b o u t  4 . 5  K c a l  m o l" 1 
o v e r  t h a t  o f  N a + ,  a n d  i n  t e r m s  o f  f r e e  e n e r g y  f a v o u r a b l e  b y  a b o u t  2 . 2  K c a l  
m o l" 1 .
E x c l u d in g  t h e  a n io n  i n  p r o c e s s  ( 3 . 4 4 ) ,  t h e  d e c r e a s e  i n  f r e e  e n e r g y  
a r i s e s  f r o m  a  f a v o u r a b l e  e n t h a l p y  (A H °  n e g a t i v e )  a n d  u n f a v o u r a b le  e n t r o p y  
(A S °  n e g a t i v e ) .
T h e  d is c u s s io n  r e f e r s  t o  t h e  e x t r a c t i o n  o f  e l e c t r o l y t e s  b y  c r y p t a n d  
2 2 2  i n  t h e  w a t e r - p u r e  n i t r o m e t h a n e .  C o n s e q u e n t ly  o n  t h e  b a s is  o f  t h e  
s o l u b i l i t y  o f  w a t e r  i n  n i t r o m e t h a n e  a n d  v i c e  v e r s a ,  i t  w o u ld  b e  o f  i n t e r e s t
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c a t i o n s  b y  c r y p t a n d  2 2 2 ;  p r o c e s s  ( 3 . 1 7 ) ,  i n  t h e  w a t e r - p u r e  
n i t r o m e t h a n e  s y s te m  a t  2 9 8  K
Table 3.128 Thermodynamic param eters (molar sca le ) fo r  e x tra c tio n  of
a n io n  C l 0 4 ”
o a
^ Gext
° k
^ Hext
0
AS ex t
c a t i o n
L i + - 1 . 9 5 1 .2 2 10.6
N a + - 7 . 8 9 - 8 . 6 0 - 2 . 4
K + - 1 0 . 4 3 - 1 3 . 0 7 - 8 . 9
R b + - 8 . 3 9 - 1 3 . 4 4 - 1 6 . 9
C s + - 2 . 6 0 - 7 . 4 3 - 1 6 . 2
0 0 0
a n i o n  I " AGext ^ Hext As ext
c a t i o n
L i + 1 .4 3 3 . 9 5 8 . 5
N a + - 4 . 5 0 - 5 . 8 7 - 4 . 6
K+ - 7 . 0 2 - 1 0 . 3 4 - 1 1.1
Rb+ - 4 . 9 8 - 1 0 . 7 1 - 1 9 . 2
Cs+ 0 .8 0 - 4 . 7 - 1 8 . 5
a  C a l c u l a t e d  f r o m  Ke x t ( C l 0 4 ~ )  v a lu e s  g iv e n  i n  t a b l e  3 .1 2 7  i n  K c a l  m o l” 1
, °  o  o
d  C a l c u l a t e d  f r o m  AHW ( t a b l e  3 . 7 4 ) ,  AHt [M+ 2 2 2 ]  ( t a b l e  3 . 1 0 9 ) ,  a n d  &Ht  [X * ]
( t a b l e  3 . 3 7 )  i n  K c a l  m o l” 1 
° o
c  F ro m  AG a n d  AH v a lu e s  g iv e n  i n  t h i s  t a b l e  i n  c a l  K ” 1 m o l" 1
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t o  s t u d y  e x t r a c t i o n  p r o c e s s e s  i n  t h e  n i t r o m e t h a n e  s a t u r a t e d  w a t e r  a n d  w a t e r  
s a t u r a t e d  n i t r o m e t h a n e  s y s te m  a n d  t o  co m p a re  w i t h  t h e  p r e s e n t  r e s u l t s  i n  
t h e  w a t e r - p u r e  n i t r o m e t h a n e  s y s te m . O f  i n t e r e s t  a l s o  w o u ld  b e  t o  s e e  t h i s  
w o rk  e x te n d e d  t o  o t h e r  s o l v e n t s  w h ic h  h a v e  a  v e r y  lo w  s o l u b i l i t y  i n  w a t e r  
a n d  h e n c e ,  p o t e n t i a l l y  u s e f u l  i n  e x t r a c t i o n  p r o c e s s e s .
T h r o u g h o u t  t h i s  t h e s i s ,  a n y  d is c u s s io n s  i n v o l v i n g  m e th a n o l  h a v e  b e e n  
d e l i b e r a t e l y  e x c lu d e d ;  t h e  r e s u l t s  p r e v i o u s l y  r e p o r t e d  b e in g  
r e - e x a m in e d 18 7 .
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